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REPORT 

SUPERINTENDENT OF THE NAVAL OBSERVATORY. 



United States Naval Observatory, 

Washingtm, D. C, Au(rust£6, 1901. 
Sir: I have the honor to submit the annual report of the operations 
of the United States Naval Observatory for the fiscal year ending 
June 30, 1901. 

THE 26-INOH EQUATORIAL.- 

This instrument has been in charge of Prof. T, J. J. See during the 
whole year. Owing to the death of Mr. George Anderson, who had 
been assistant on this instrument for twen^-six years, which occurred 
in November last, and to the absence after February 1 of the party sent 
out by the Observatory to observe the eclipse of the Sun in Sumatra, 
Professor See worked entirely alone for a part of the year. The 
manual labor alone in usingthis instrument is considerable, and I con- 
sider the showing made in Professor See's report as creditable. This 
instrument has been devoted to the same general line of work as in 
previous years, and has been maintained in good order. Professor 
See's report is nerewith transmitted. 

THE 9-INOH TRANSIT CIECLE. 

This instrument has been steadily employed on the regular sun, 
moon, and planet work, a revision of the Astronomische Gesellschaft 
Zones, and the Zone of Zodiacal Stars undertaken for the Paris Astro- 
nomical Conference of 189(1. From long service this instrument is in 
need of important repairs. The pivots have become so worn as to need 
re^rinding, and the illumination should be changed so that the reti- 
coTe will be illuminated by a beam of light in the optical axis of the 
instrument, instead of a beam cast from one side, as at present. As 
soon as the alterations of the 6-inch transit circle, which are noted 
later, are completed, the whole staff for meridian observations will be 
transferred to that instrument, and the 9-inch transit circle will be put 
under repairs. The report of Assistant Astronomer King, in charge 
of the instrument at the close of the fiscal year, is transmitted here- 
with. 

THE 6-INCH TRANSIT CIECLE. 

Since this instrument was mounted two years ago a serious defect 
in the form of a diurnal change in the constant of azimuth, following 
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chanj^es of temperature, has been a source of annoyance and embar- 
rassment and a serious detriment to the usefulness of the instrument. 
Since March last a systematic and patient investigation of this defect 
has been carried on by Professor Updegraff with the object of deter- 
mining, and if possible removing, the cause. Successive changes have 
been made in the instrument and its suf^rts as a result of this investi- 
■ gation, without in any way altering its rorm (which could not be done 
without entirely rebuilding it), and there is reason to believe that the 
success of these changes is already assured. 

This instrument was built by Messrs. Warner & Swasev, of Cleve- 
land, Ohio, from designs bj' Prof. William Harhness, iT. S. N., fol- 
lowing closely the pattern of the latest instruments by Repsold, of 
Hamburg. It would be presumptuous to criticise the result of the 
experience of the oldest and most skillful instrument makers in the 
world, and yet I can not believe that this form of instrument will ever 
be entirely free from uncertainty in the errors of azimuth or level, or 
both, for the reason that in order to assure precision in other respects 
s principle has been sacrificed which has been recognized as funda- 
mental m the construction of astronomical instruments for at least two 
hundred years, viz, that the instrument itself should be directly sup- 
ported on a substantial foundation of masonry. In this form of 
instrument the pivots are supported by a skeleton work of metal by 
which they are raised sixteen inches above the piers. Differences in the 
rate of expansion between the masoniy of the piers and the metal sup- 
ports of tne pivots become immediately apparent in the azimuth or 
level of the instrument, and some evidence of this will, I believe, be 
always apparent. If these errors can be reduced to something man- 
ageable under normal conditions, there will still remain the probability 
that abnormal conditions and sudden and excessive changes of tempera- 
ture mav still make them inconveniently apparent. In this connection 
I may onserve that preparations have been made for a south meridian 
mark for both the 6-inch and 9-inch meridian circles, but no steps 
have been taken during the year to erect them. 

THE CLOCK SYSTEM. 

The effort to bring the department of meridian observations, which 
is the real raiswi a''Mre of the Obser\'atory itself, to a state of the 
highest efficiency and up to the most modern standard of TOCjuirement, 
has included not onlj' a thorough overhauling of both meridian instru- 
ments, but also an examination, and if possible an improvement, in 
the clock system of the Observatoiy. Critics who are in no way 
responsible for results, and who prolmbly would not carry out their 
own suggestions if thej' were, have had a standing grievance against 
the Observatory because it ha.s not put its clocks underground. In 

?oint of fact veiy few observatories do put their clocks underground, 
he notable exception is Pulkowa. It is difficult to maintain a clock 
underground and not ruin it by rust. The experiment was tiied in 
the very early daj-s of the Naval Observatory and abandoned after 
the valuable Kessels clock had been nearly sacriiced to the experiment, 
If, however, a clock can be inclosed in air-tight case from which the 
air has been partially exhausted, it should be entirely removed from 
the influences of temperature, pressure, and humidity, and it should, 
theoretically, be as safe in a vault as above ground. This is the prin- 
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ciple which haa governed the construction of the cloclt vault of the 
Naval Observatory. The vault is dug in the basement of the clock 
house, which stands on the highest eminence in the Observatory- 
grounds, a knoll of quite abrupt grades, of a gravel soil, and so sit- 
uated that the natural drainage is away from the vault in all direc- 
tions. The vault is built with double walls and roof and thick concrete 
floor, the space between the walls being filled with nonconducting mate- 
rial. The air of the vault is dried by gas and proper provision is made 
for ventilation. The air-tight cases containing the clocks are of metal 
and glass, and in each is exposed in full view a rust gauge of bright 
steel, which is closely watched, and its condition reported to the 
Superintendent at frequent intervals. The Kessels clock, which is 
regarded as the standard, is regulated to mean time, and as it is not 
capable of sustaining the electrical connections necessary for chrono- 
metric connection on the clock circuit, it is compared with the sidereal 
sounder by coincidence of beats by the aid of a microphone, the beats 
of the clock being wholly inaudible to the unaided ear. So far the 
whole arrangement has proved on the whole satisfactory, and the rate 
of the Kessels clock reduced to a constant of almost zero. Some trouble 
has-been experienced in making the dock case actually air-tight, and 
if the experiment (for I regard it as no more than an experiment) 
fails, it will be from this cause. Professor Updegraffs report is here- 
with transmitted. 

THE 12-INCH EQUATORIAL. 

This instrument has undergone extensive alterations during the year. 
It was remounted in April, and has been employed, in charge of Assist- 
ant Astronomer Theo I. King, since that time. This instrument is used 
for the benefit of visitors admitted to the Observatory at night. 



These instruments have remained in charge of Assistant Astronomer 
G. A. Hill, in continuation of the observations for variation of 
latitude. 

I invite the attention of the Bureau to Mr. Hill's report, as evidence 
of the spirit in which the Observatory has been (and still is) criticised 
by outside astronomers. Malice has dictated these criticisms, to my 
knowledge, for thirty years. In this instance ignorance becomes a 
valuable accessory. 

THE 40-FOOT PHOTOHELIOGEAPH. 

Photographs have been taken of the sun daily whenever the weather 
and other circumstances would permit. During the absence of the 
photographer, Mr. George H. Peters, on duty with the eclipse expe- 
dition, his place was supplied by Mr. E. A. Boeger, Computer, 

THE TOTAL SOLAR ECLIPSE OF MAY 18, 1901. 

By virtue of a provision of the urgency deficiency bill of the last 
session of Congress, the Observatory was enabled to equip and put in 
the field an expedition to the island of Sumatra to observe the total 
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eclipae of the sun of May 18, under eharpe of Prof. A. N. Skinner, 
IT. S. K. Professor Skinner's verj' interesting preliminary report of 
the expedition and its results is forwarded herewith. A detailed report 
will appear in conjunction with a report of the eclipse of May 28, 
1900, in a forthcoming volume. 

It may very reaaonablj' be asked whether, in view of the meager 
results on account of cloudy weather on the day of the eclipse, the 
■expense of sending an eicpedition to such a distance was a justifiable 
outlay of public money. The reply would be that a chance of failure 
on account of the weather was one of the conditions which attached 
"unavoidably to the undeitaking. Other expeditions were less for- 
tunate and secured no results at all. But the real answer is that results 
no matter how meager, fully justify the outlay, because such results 
are not to be judged by themselves, but are to be regarded as forming 
a part of the general sum of obseivations of this and other eclipses. 
The problems presented will be solved, not by the recorded observa- 
tions of any one person at any one time, but by the accumulation of 
such observations in the general account of human knowledge. From 
this point of view even one photograph, or a single observation of 
contact, would have fully justified the entire outlay. At Fort de Kock 
ten excellent negatives were obtained, which were acknowledged by- 
foreign astronomers to be the best made by any party in the field, 
and at Solok, the Observatory's other station, contects were observed 
and some photographs obtained. I am satisfied with the results. 

A serious drawback to the expedition has been the withdrawal for 
so long a period of an important part of the Observatory's astronom- 
ical staff. 

An acknowledgement is due the War Department for uniform 
courtesy to the expedition both on board the transports and at Manila, 
and to the commanding officer of the U, S. S. Gerteral Alava for much 
valuable assistance. 

COMPUTATIONS AND PUBLICATIONS. 

Since my last report the whole computing force of the Observatory 
has been assembled in one bureau, instead of being distributed to the 
various insti'uments as heretofore. This change has resulted in a 
decided economy of time and labor, and is generally in the interests of 
83'stem and efficiency. All astronomical observations, by whomsoever 
made, are turned over to the computing bureau for reduction, it 
being understood that the author is consulted as to the methods of 
reduction and exercises a general supervision in cooperation with the 
officers at the bead of the Dureau. Professor Eichelberger has been 
placed in charge of this bureau, and in his absence with the Sumatra 
eclipse expedition his place was supplied by Assistant Astronomer 
King, up to the close of the fiscal year. 

During the year the first volume of the new series of Washington 
Observations has been published and distributed. The second volume 
is ready for the press and will be printed immediately, A third vol- 
ume is nearly read}', and other volumes will follow as rapidly as the 
material can be prepared for the printer, and until the accumulation 
of unpublished work is exhausted. This breaks the long suspension 
of printing which has been a source of anxietv for several years. 
Leniency' in criticism of the quality of the work thus issued is not 
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asked nor expected. Scientitic work must atand or fail on its merits. 
Bat it would oe an encouragement, little to be expected, if the scien- 
tific world of this country could appreciate or acknowledge the efforts 
to bring up to date work long in arrears. Appreciation from abroad 
is not wanting, and has been gratefully acknowledged. 

THE NAUTICAL ALMANAC OFFICE. 

Prof. "W, S- Harshman was appointed Director of the Nautical 
Almanac March 2S, 1901. Up to that time and since the retirement 
of Prof. Simon Newcomb the direction had been in the hands of a 
professor of mathematics who held the post in addition to bis regular 
duties at the Observatory. The Almanac demands the undivided time 
and attention of a competent director. This need had become imper- 
ative. Professor Harshman has had the advantage of long experience 
in the office in a subordinate capacity. He has systematized and reg- 
ulated the office and brought the work up to date, the regular issue 
of the Almanac three yeai-s in advance having failed. Ine office is 
now in a high state of efficiency, and general harmony and enthusiasm 
prevail in ite staff. The Nautical Almanac Office has been noted, since 
itB foundation in 1849, for thoroughness and pi-ecision in its methods 
and for superior excellence in its personnel. That this quality is still 
dominant is shown by the high stand taken by several of its staff in 
the competitive ex^iinations for professorships. The report of the 
Director of the Nautical Almanac is herewith transmitted. 

THE RECEPTION OF THE PUBLIC DURING THE WORKING HOURS OF 
THE NIGHT. 

During the year there were issued to the general public 765 regular 
admission cards by this office, and about the same number by the Bu- 
reau of Equipment. These cards admit visitors, holding them, to the 
Observatory during working; hours on one night each w^eek. It has 
been necessary to adopt a rigid system in the admission of visitors, 
and to limit the numoer admitted at any one time to the capacity of 
the dome. The result has been that cards are sometimes issued months 
in advance of the date for which they are good, for the whole number 
of persons making application is so far above the capacity of the 
Observatory that if all were immediately gratified the institution would 
be completely given up to this and nothing else. Besides the regular 
cards as abovespecified special arrangements have been frequently made 
for Senators, members of Congress, persons in official life, and visiting 
astronomers; about nine classes in astronomy from various schools, 
composing fifteen or twentj' young persons each, with their teachers, 
have also been specially accommodated. Some time since I recom- 
mended that the admission of the public during working hours at night 
be wholly suspended. The numbers seeking admission seem to be 
constantly increasing. I believe that the Naval Observatory is the only 
observatory in the world, except a few which have been founded and 
are conducted avowedly for popular pui-poses, at which this practice 
exists. In every department of the Government the public is excluded 
from certain sections and offices in which its presence would be detri- 
mental to the public interests. The Naval Observatory stands as an 
exception to this rule. But it is only of late years that this practice 
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has prevailed at the Observatory. I am familiar with the conditions 
whicli led to the abrogation of it rule which had been rigid from the 
" foundation of the Observatory, and I can say that the purpose then in 
view was not in the slightest degree subserved by this concesaion to 
public curiosity. 

The work of the Observatory is so purely technical in character that 
it can be said, without in the least impugning either the motives or the 
intelligence of the visiting public, ttiat to no one not versed in practi- 
cal astronomy would any detailed explanation of the methods of that 
work be either interesting or intelligible. Consequently, popular sub- 
jects must be sought for the gratification of visitors. These are the 
objections to the practice of admitting visitors during working hours. 
On the other tiand, I can not say that the presence of visitors on one 
evening a week is a serious interference witn the work of the Observ- 
atory. Visitors are never admitted to the transit rooms. The 12- 
ineh ec|uatorial is withdrawn from its regular assignment for a few 
hours in the early evening once a week. If there were but one equa- 
torial telescope at the Observatory this might be a serious interference. 
As it is, provision for visitors can be made without serious interrup- 
tion of necessary or emergency work. 

I am of the opinion that the concession never should have been 
made in the first instance. But the practice once established, under 
proper restrictions, it becomes a delicate and invidious matter to recom- 
mend its total suspension, the more so as almost without exception in 
the experience of the Observatory the appreciation of the privilege 
on the part of those who have enjoyed it is very marked. 

THE BOARD OF VISITORS. 

The Board of Visitors established by the naval appropriation act 
approved March 3, 1901, which went into effect on July 1, met in 
April, and since that time and prior to July 1, two duly constituted 
committees of the board have visited the Observatory officially. The 
law provides for one " annual visitation to the Observatorv at a date 
to be determined by the Secretary of the Navy, and * * • such 
other visitations, not exceeding two in number annually, by the full 
board or by a duly appointed committee as may be deemed needful or 
expedient by the majority of the board." The board has already made 
the full number of visits allowed by law to any one year. 

THE DEPARTMENTS OF NAUTICAL INSTRUMENTS, OF GENERAL STORE- 
KEEPER, AND OF CHRONOMETERS AND TIME SERVICE. 

By the detachment of Lieut. Commander Charles E. Fox in May, 
the last remaining officer of these departments was withdrawn, and 
all of these importont departments left without any regularly assigned 
personnel whatever. The regulations for the government of the Ob- 
servatory issued by the Department provide for three officers for this 
work. I believe this situation is unique in the public service. It is 
hard to make bricks without straw, but that is the situation of these 
departments at the present time. 

As the work could not cease, a computer, previously detailed from 
the astronomical department, has been put in charge of these depart- 
ments, with one of the clerks of the Observatorj' in charge of the 
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books. This arrangement is not only improper, but is prejudicial to 
the service and injurious to the individual. I have in previous reports 
made specific recommendations looking to the establishment and main; 
tenance of a permanent force for these departments. I renew these 
recommendations. The accompanying reports show the volume of 
business in these departments for the year. 

MAGNETISM AND METEOEOLOGY. 

As noted in my last report, magnetic observations have been discon- 
tinued. Meteorological observations are kept up under the same 
conditions as have prevailed since the establishment of the Observatory. 

GROUNDS AND ROADS. 

The naval appropriation act carried a fund for the purchase of lands 
lying within the Observatory Circle not included in the original pur- 
chase. Steps have been taken for the immediate acquisition of these 
lands. I renew my recommendation that none of the outlying tracts 
be sold at present. Most of this land is wooded, and affords a screen 
for the Observatory buildings, and until the extension of Massachu- 
setts avenue is completed it would be impossible, I believe, to dispose 
of this land to advantage. On general principles it is good policy for 
the United States to hold on to all the land it owns in the District. 
The grounds are gradually improving, and the buildings are in good 
order. A house provided for the foreman and captain of the watch 
by the appropriation of last vear has been completed and is occupied. 
It is a decided advantage in the care of public property and the inter 
ests of the establishment to have this official resident upon the place. 
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Of the accessions, 293 were received as exchanges and 206 were pur- 
chased. The following publications were distributed in regular 
exchange: 

Report of the Superintendent for 1900. 

Astronomica], Magnetic, and Meteoroloirical Obeervationa made during the year 
1891. 

Astronomical, Magnetic, and Meteorolceical Observations made durinif the year 
1892. 

PublicationB, U. 8. Naval Obaervatory, 2d series, volume 1, Sun, Moon, Planets, 
and MiBcellaneouB Stare, 1894-18i«(. 

PERSONNEL. 

The following changes have taken place in the personnel of the 
Observatory during the fiscal vear: 

Lieut. Commander Charles ^, Fox, U. S. N. , reported for duty on 
November 7, 1900, and was assigned to the Departments of Kautical 
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Instruments, of General Storekeeper, and of Chronometers and Time 
Service as tne relief of Lieut. Commander B. W. Hodges, U. S. N., 
who was detached on March 15, 1901. 

On May 14, 1901, Lieut. Commander Fox was teniporarily detached 
to attend a course of instruction at the Naval War College, Newport, 
R. I., and was absent the remainder of the fiscal year. 

Prof. S. J. Brown, U. S. N., was detached on March 26, 1901, from 
the Naval Observatory and as Director of the Nautical Almanac, and 
Prof. W. S. Harshman, U. S. N.,wasappointedDirectorof the Nautical 
Almanac on March 28, 1901. 

In the astronomical department there were eleven miscellaneous 
computers temporarily appointed during the year. Three of them 
have received permanent appointments, Miss Clara M. Upton, Miss 
Eleanor A. Lamson, and Mi-. Everett I. Yowell, and two are stUl 
serving probationai'y periods. 

Mr. W. W. Dinwiddie was appointed a laborer on September 10, 
1900, and promoted on November 9 to skilled laborer to succeed 
Geoi^e Anderson, who died on October 21, 1900. 

On January 30, 1901, another laborer, Gustave Harrison, was 
appointed to the vacancy caused by the pi-omotion of Mr. Dinwiddie. 
I am, sir, your obedient sei-vant, 

C, H. Davis, 
. Captain, U. S. N., Superintendent of the Naval Observatory. 

The Chief of the Boreau of Equipment, Navt Department. 



THE 2ft-IN0H EQUATORIAL. 

Sir: I have the honor to submit the following report on the work of 
the 26-inch equatorial: 

During the year which has just closed this instrument has been 
devoted to the same general lines of work as in former years. The 
machinery of the instrument has been improved by thorough ordering, 
and by slight readjustment of parts of the driving clock, and in conse- 
<^uence its genera] performance is more satisfactory than at any time 
since the removal to the new Observatory. The illumination of the 
dome and of the micrometer and circles of the instrument has been 
rearranged, and is now highly satisfactory. The observer may illumi- 
nate any part of the instrument, or its accessories, by turning electric 
switches conveniently placed on the instrument or on the walls. And 
when total darkness of the dome is required, in the observation of the 
faintest objects, a covered lamp on the table enables the assistant to 
see the page of the note book without inconvenience to the observer. 

Ever since its installation, the elevating floor, operated by hydraulic 
rams, had occasioned more or less trouble, from the inability of the 
control valve to hold it at any elevation to which the observer might 
set; the resulting instability of the floor, which usually acquired a 
slow creeping motion, proved a source of much anxiety and embarrass- 
ment, especially when the observer worked alone. Accordingly, in 
September, 1900, a new control valve, of the form used on the elevators 
in the building of the Navy Department, was substituted; and the 
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elevating floor has since performed with entire satisfaction. This 
improvement in the operation of the floor was especially important in 
the observations of Eros. 

I. PARALLAX OBSERVATIONS OF EB08. 

The observations of Eros for the parallax of the Sun wore made in 
accordance with the plans formulated by the International Committee 
at Paris, and extended over the period from October 9, 1900, to Jan- 
uary 29, 1901. 

During this period the planet Eros was observed on every available 
clear, or partially clear, night; and whenever possible, at both ends of 
the night. The aim was to furnish material for the deduction of the 
solar parallax by combining the Washington observations with those 
supplied by other observatories in both hemispheres, or by employing 
the principle of the diurnal motion of the Earth during tlie night, and 
thus deriving the solar parallax from the Washington observations 
alone. This latter method would have some advantages, in that the 
observations would all depend on the same observer with the same 
instrument; while the former would depend on many observers using 
instruments of various sizes and kinds, and thus worliine with appa- 
ratus more ot less heterogeneous. To enable both methods to be used 
in the fliial reduction of the work, the position of Eros, relative to 
comparison stars, was measured three or four times in the evening, 
between the instant of darkness and eight o'clock, for combination wiui 
the measures taken simultaneously at the leading European observa- 
tories; and then i^in observed in the morning, when west of the 
meridian about six nours. 

Observations of this kind were secured on 61 evenings and on 31 
mornings. The total number of complete observations was 255, repre- 
senting something over 5,000 observations with the micrometer. The 
fenerm aim of the observer was to secure the highest possible accuracy 
rem a reasonable number of observations advantageously distributed 
through the night, and on as many nights as possible. Observations 
in the mornin^i; hours were made with considerable difficulty, on 
account of the increased cloudiness of the latter half of the night. It 
is believed, however, that the conditions under which the work waa 
done on the whole were favorable. 

The Eros work was reduced and ready for the printer on June 25. 
The prosecution of these very delicate parallax observations necessi- 
tated a thorough investigation of all the constants of the instrument. 
The full discussion of these constants will appear in the introduction 
to the Eros work. The following summary of the chief results will 
probably suffice for the present report: 

1. The value of a revolution of the micrometer screw was determined 
from differences of declination of stars in the Pleiades, and in the 
arc h Persei, and by transits of eircumpolar stars, and found to be 
R=9".9286±0."0005. The temperature coefficient appears to be 
pi-actically insensible. 

2. The error of elevation of the polar axis, determined from obser- 
vations of the declinations of Nautical Almanac stars near the merid- 
ian, ^=-67".8±l".0. 

3. And the flexure of the tube, <3=— 1".6±0".5. 
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4. The error of the polar axis found from the observation of pairs 
of standard stars of different declinations near the meridian, »7=-f- 
110".0±1".6. _ 

5. The collimation found from observations on a collimator 
mounted on the base of the dome of the equatorial and pointed on the 
Helmet of Liberty Statue on the Dome of the United States Capitol, 
c=+117".7±l".9. 

6. The error of reotangularity in the declination and polar axes, 
found from observations of standard stars near the meridian, i, — + 
104".1±4".T. 

7. The arc bv which the instrumental pole departs from the celestial 
pole, r=129".h±l".9; 9=121" 39'. 

8. Flexure of the declination axis, £=+l".6±l",0 (assumed). 

9.' The consent, i—i^—e sin 9'=+105".l±4",7. From observa- 
tions of circumpo^r stars at upper and lower culmination the flexure 
of the declination axis, e, appeared to be insensible, and was therefore 
taken to be equal to the differential flexure of the tube. The values 
of S and j? seem to have remained quite constant since the telescope was 
put in use at the new site in 1894. These errors are somewhat larger 
than are desirable in the final adjustment of the instrument. A slight 
readjustment of the polar axis is accordingly in contemplation. The 

Eier is so firm that the orientation of the instrument ought then to 
e entirely satiafactorj'. 

n. THE DUMETBR8 OF THE PLAHBT8 AND SATELLITES. 

The observations of the diameters of the planets and satellites noted 
in the last annual report have been continued. 

Fenws.— Seventeen determinations of the diameter of this planet 
were taken in July and August, making, with those secured before 
June 30, 1900, a total of 32 determinations about the inferior conjunc- 
tion of July 7, 1900. To obviate as far as possible the effects of irra- 
diation the measurements were made from the points of the cusps. 
The result of this work, done under what are thought to be extremely 
favoiable conditions and with the color screen, was a diameter of 
16". 800 ± 0".O22, in very close agreement with the value deduced by 
Dr. Auwers from an elaborate discussion of the transits of 1874 and 
1882. No markings were seen on the surface of the planet, although 
the definition on several occasions was perfect. 

Jv,piter. — Diameters of this planet nave been taken on 4 nights, 
and of the satellites on 10 nights. Prior to June 30, 1900, Jupiter 
had been measured on 19 nights, and the satellites on 8 nights; accord- 
ingly, the number of determinations of diameter during the opposition 
of 1900 was 23 for Jupiter and 18 for the satellites. Measui-ements 
were taken of both equatorial and polar diameters, with a view of find- 
ing- the dimensions of the spheroid, and also of deducing the true ellip- 
ticity of figure, which had remained somewhat uncertain on account 
of a discordance which developed between the values obtained by 
observation and those computed dv the theory of gravitation from the 
motion of the peiijove of the fifth satellite. For the theoretical 
oblateness Cohn, in 1896, found a value of 1:15,50; subsequently 
W. S. Adams, using observations up to 1899, made it 1 :15,55, 

The micrometer measurements of the 26- inch equatorial on 22 nights 
make the observed oblateness l.:15,53±0.21. 
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The equatorial diameter of the planet came out 38".401 ± 0".038. 
The resulting diameters of the satellites were: 

Satellite I, 0".672±0".098. 

Satellite II, 0".624 ± 0".078. 

Satellite III, 1".361 ± O'.IOS. 

Satellite IV, 1".277 ± 0".083. 
The diameters of all four of these satellites are still under investi- 
gation, 

Satum.^The diameter of this planet was measured on 23 nights. 
The value of the equatorial diameter deduced from 35 determinations 
during the opposition of 1900 is 17".448±0".025. 

The ring system was subjected to careful measurement, with the fol- 
lowing results: 

feternal diameter of outer ring, 40".304 ± 0",030. 

Internal diameter of outer ring. 34".787 ± 0".O22. 

Diameter of the center of Encke's division, 37".777. 

Width of Encke's divis'ion, 0".107. 

Total width of the outer ring, 2". 758. 

Width of the outer part of the outer ring, l"i237. 

Width of the inner part of the outer ring, 1".414. 

Width of Oassini's division, 0".418 ± 0".010. 

External diameter of central ring, 33".951. 

Internal diameter of central ring, 25".952 ± 0".O48. 

AVidth of central ring, 4". 000. 

Internal diameter of dusky ring, 20". 582. 

Width of dusky ring. 2".685±0".033. 

BIa«k space between Saturn's globe and du^kv ring, 1".567. 

Diameter of the satellite Titan, 0".487 ± 0".020. 
The width of the dusky ring and the diameters of Titan and Jape- 
tus have been measured sevem times during the opposition of 1901. 

Mercwry. — Three series of measurements have been secured of the 
diameter of this difficult planet. The firat two were preliminary and 
made while searching for the best conditions, the last being that 
finally adopted. One hundred determinations in June, 1!>01. when 
Mercury was near its greatest eastern elongation, make the diameter 
6".8993dz0".0080. This presents a considerable departure from Bes- 
sel's value of 6",68, which was deduced from measures with the 
KOnigsberg heliometer in the ti'ansit of 1832, and is more in accord 
with determinations made at the Lick Observatory by Barnai'd and 
Canipbell during the transit* of .1891 and 1894. 

J/a?',?.— The great distance of Mars at the recent opposition and 
the unfavorable weather then prevailing rendered it inadvisable to 
attempt anvthing more than a preliminary determination of the 
diameter, which was made by daylight in June, 1901. Sixty-nine deter- 
minations of the polar diameter on eight days, when the sun was from 
one to three hours above the horizon and the seeing practically per- 
fect, lead to the value 9".222ih0".013. With an oblateness of 1:200 
this would give an equatorial diameter of 9". 268. Experiments 
recentlj' made on the irradiation constant for Mars fix its value at 
+0".76. The application of the resulting correction of — 0".76 would 
have the effect of diminishing the diameter of Mars, as ordinarily 
observed at night and reduced to unit distance, by about 0".38. The 
diameter of Mai's concluded from a careful study of the micrometer 
measures of many observers woridng at a distance of about 0.5 
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and reduced to distance unity is 9". 68. The concluded equatorial 
diameter of the solid globe of the planet is therefore 9". 30, in sub- 
stantial agreement with the value found by Professor Campbell at the 
Lick Observatory in 1894. This value has been used in a new discus- 
sion of the mass of Mercury recently made by the method of Prof. 
G. W. Hill, based on an extension of Laplace's law for the internal 
density of the earth. The resulting mass of Mercury is tjis^sttf* 
Most of the masses heretofore assigned this planet have exceeded 
STTFiifffTr; the smallest yet deduced being one found by Prof. G. W. 
Hill, TTia'ijirT- It is perhaps a little remarkable that an observation 
of the year 1639 by the English observer Horrocks, when used in cer- 
tain perturbative equations of Leverrier, leads to a mass of only 
rTTiVuTB? which appeared so small that Von Haertdl rejected it alto- 
gether. Future mvestigations must determine whether this ancient 
observation does not after all afford a good first approximation of the 
true mass of Mercury, which has remained more uncertain than that 
of any other primary planet of the solar system. 

m. OBSERVATIONS OF THE SATELLITES. 

Satdlitea of Saturn. — A series of micrometer measurements were 
made during the opposition of 1900 on the four brighter satellites, Titan, 
Rhea, Dione, and Tethys. The general plan of the observations is 
similar to that employed by Prof, Hermann Struve in his well-known 
work at Poulkowa, Titan and Rhea were obsei'ved on 59 nights, 
Dione and Tethys on 49 nights; 38 of the first group of observations 
fell within the present fiscal year, and 35 of the second group. 

On April 16 observations were resumed for the opposition of 1901, 
and all the satellites searched for on every available clear night. 
Before June 30, 1901, the following observations had been secured: 

Japetus and Titan were measured on 22 nights. 

Hyperion and Titan were measured on 11 nights. 

Titan and Rhea were measured on 28 nights, 

Dione and Tethys were measured on 26 nights. 

Tethys and Enceladus were measured on 19 nights. 
The reticule of the micrometer has been provided with a system of 
parallel webs separated by a distance of 624".65, which makes it 
possible to refer Japetus at greater elongation directly to Titan in 
any part of its orbit, by sliding the eyepiece to bring the two objects 
successively into the field of view. As the driving clock performs 
very perfectly, and the mounting of the telescope is extremely rigid, 
it is hoped that this direct measurement will give data for improving 
our knowledge of the mass of Saturn, as well as for determining the 
orbits of the satellites. Hyperion has been recognized without great 
difficulty except when the sky was strongly illuminated by the moon, 
or very moist, so that the light of the planet was greatly diffused over 
the field. 

Satdlitea of Uranus. — During the opposition of 1900 Oberon and 
Titania, the two outer satellites of Uranus, were observed on 35 nights, 
16 of which came within the present fiscal year. During the opposition 
of 1901 observations of these bodies have been made on 23 nignts prior 
to June 30. The two inner satellites, Ariel and Umbriel, also nave been 
successfully measured by using the color screen to reduce the light of 
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the field about the planet, the former on 8 nights, the latter on 9 nights. 
In view of the fact that these inner satellites, which on the whole are 
recognized to be the most difficult bodies of the solar system, were 
found by Professors Newcomb and Hal! to be near the limit of the 
powers of this telescope, when Uranus was much nearer the zenith, 
this result of the darkening of the background of the sky by the use 
of the color screen is gratifying. Umbriel is usually somewnat more 
difficult than Ariel, though in the present position of Uranus both 
require a very dark field to bring them within the grasp of the observer. 

rv. DOUBLE STABS. 

On account of the fieavy demand upon the observer's energies in 
other lines, only a limited number of double stars have been measured 
during the past year. About thirty difficult pairs, drawn mainly from 
Burnham's lists, have been observed at odd moments when the tele- 
scope was not otherwise employed. With the increase of force on the 
instrument following the assignment of Computer George K. Lawton, 
June 14, the hope was entertained of utilizing its powers to their full 
extent. The lamented death of this talented and accomplished young- 
astronomer, July 25, 1901, after a month's service on the instrument, 
was not only an irreparable loss to the 26-inch equatorial, but in view 
of his youth, fine training, high promise, and noble character, alto- 
gether one of the greatest losses ever sustained by the Observatory at 
any period of its nistory. His abilities were of the highest, his per- 
formance of duty beyond all praise. As he had only commenced inde- 
pendent observations, after a broad experience in several lines, it will 
be very difficult to do adequate justice to his memory, either by the 
publication of the work which he left unfinished or by the conclusion 
of those researches upon which he had just entered with so much prom- 
ise and enthusiasm. It should be stated here that the problems arising 
in connection with the Eros work were treated largely under the super- 
vision of Mr. Lawton, who had immediate charge or these reductibns 
from the first. In connection with the parallax measures of Eros, and 
as a volunteer labor outside of his official duties, he made tf number 
of observations for improving the orbit of the planet. He also secured 
a considerable series of observations of comet Brooks, 1900, and was 
occupied with the computation of a definitive orbit when his labors 
were interrupted by ilmess, which soon proved fatal. In the latter 
part of June he made some observations of Proserpina, which were 
comnmnicated to Professor Neugebauer, and had entered upon the 
measurement of double stars. 

PERSONNEL. 

The personnel of the instrument during the past year has been as 
follows: 

T. J. J. See, Professor of Mathematics, U. S. N., astronomer in 
charge. 

George K. Lawton, Computer, assistant observer, from June 14 to 
July 25, 1901. 

W. W. Dinwiddle, Assistant on the 26-inch equatorial (absent on the 
eclipse expedition to Sumatra from February 5 to July 26, 1901). 

Miss Clara Upton, Miscellaneous Computer, from June 14 to July 1, 
1901. 

Important volunteer assistance has been rendered by Mr. George H. 
Peters and Mr. L. G. Hoxton, i 

ogle 
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Mr. Gustsve Harrison has aided in the observations about half of the 
time covered bj' Mr. Dinwiddle's absence on the eclipse expedition to 
Sumatra. 

In conclusion it may be said that the general condition of the build- 
. ine and instrument is satisfactory. 

The following papers relative to the work of the 26-inch equatorial 
have appeared during the year: 

1. Preliminary Researches on the Diameters of the Planets Neptune and Uranus. 
(Astronomieche Nachrichten, S665.) 

2. Eesearches on the Dianiet«rof Venus. (ABtronomiache Nachrichten, 3675,) 

3. Researches on the Fi^re and Dimeneions of Jupiter and on the Dimensions of 
hie Satellites. (Astronomische Nachrichten, 3670.) 

4. Ohservationsof Titaniaand Oberon, the two outer Sfltellites of Uranus. (Astro- 
nomische Nachricht«n, 3676.) 

5. Researches on the Equatorial Diameter of Saturn and on the Dimensions of hie 
System of Rings. (AstronoraJsche Nachrichten, 3886-87.) 

6. ObeervatioDS of the Four Brighter Satellites of Saturn. {Astronomisclie 
Nachrichten, 3714.) 

Papers on the Diameter of Mercury, the Mass of Mercury, and the 
Diameter of Mars have been communicated to the Astronomische 
Nachrichten. 

Respectfully, 

T. J. J. Sek, 
Professor of Mathematics, U. S. JV., 

In charge %6-inch Eq\mi<yrial. 

The SUPEKINIBNDBNT, NaVAL ObSERVATOEY. 



THE 9-INCH TRANSIT CIRCLE. 

Sir: I have the honor to submit the following report of the work of 
the 9-inch transit circle during the vear ending June 30, 1901, The 
instrument was under the charge of Professor A. N. Skinner, U. S. N., 
until February 5, 1901. While he was absent to observe the eclipse of 
the sun, Professor W, S. Harshman, U. S. N., directed the work from 
February 7 to March 28, 1901, and Assistant Astronomer Theo I. King 
after the latter date. The assistants during the year were Professor 
W. S. Eichelberger, U. S. N., until February 7, 1901; Professor Harsh- 
man, from September 6, 1900, to March 28, 1901; Assistant Astronomer 
King, Computers W. M. Brown and E. A. Boeger throughout the 
year; Computer G. K. Lawton until December 8, 1900, also from 
March 11 to June 7, 1901; Computer J. C. Hammond from August 
15, 1900, to March 11. 1901, and Mr. E. I. Yowell after June 7, 1901. 

The instrument was used with the clamp west until November 12, 
1900; since that date the clamp has been east. While the telescope 
•was being reversed the pivots were accurately measured; the suspicion 
was confliTQcd that they nad become unevenly worn. A careful investi- 
gation by means of the mercury and hanging levels and contact lever, 
extending from October 28 to November 24, was conducted bv Profes- 
sors Skinner and Eichelberger. This defect, which necessarily affects 
the reduced positions of objects observed, should be remedied at the 
«arliest possible day. At the same time some of the improvements sug- 
eested by the Board of Visitors might be made. It is specially desirable 
that the counterpoise rollers should be renewed, many of the paits of 
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the micrometer replaced, and improvements effected in illuminating 
the reticule and microscopes. 

The regular sun, moon, and planet work was directed by Professor 
Eichelbemer until September 1^. 1900; from that date to March 28, 
1901, by Professor Harshman, and subsquently by Assistant Astrono- 
mer King. 

The Astronomische (resellschaft zones are still incomplete, a number 
of revision zones having been taken during the year, while two or 
three more will be needed. These revision zones have been observed 
by Professor Skinner and Assistant Astronomer King, with the assist- 
ance of Assistant Astronomers King and F. B. Littell. 

The zone of Zodiacal stars, undertaken for the Paris Astronomical 
Conference in 1896, was begun in September by Professor Eichelberger, 
with the help of Computers Lawton and Hammond, but was suspended 
after the discovery of the unsatisfactory condition of the pivots. 

Observations of the planetoid Eros and the primary list of 319 com- 
parison stars desired by the Astrophotographic Conference were made 
by Assistant Astronomer King, aided by Computers Brown, Boeger, 
Hammond, and Mr. R. Y. Ferner. 

The following summary shows the number of observations of the 
various objects: 

Ephemeria stars 2,462 

Sun 130 

Moon 153 

Mercury , 86 

Venus 106 

Mars 24 

Jupiter 15 

Sfttum _ 18 

UranuB 18 

Neptune 11 

Nova Persei 9 

Screen elara 318 

Aetronomische Gesellschaft Zone stars .■ 619 

Aetronomische Geaellschatt Zero stars 201 

Zodiacal Zone stare 1, 022 

Zodiacal Zero stars 191 

EroB 33 

Eros Zone stars 1,361 

Eros Zero stars 434 

Total observations 6, 310 

Verj' respectfully, Theo I. King, 

In charge 9-mch Transit Circle. 

The SUPESINTENDENT, NaVAL OBSERVATORY. 

THE 6-INCH TRANSIT CIRCLE AND THE CLOCK VAULT. 

Sir: From the beginning of the year until February 5 I was assisted 
by Assistant Asti-onomer F. B. Littell, who was then temporarily 
detached for duty in connection with the observation of the total solar 
eclipse of May 18, 1901. Computer George K. Lawton assisted as 
microscope reader and recorder from December 8, 1900, to March 7, 
1901. Computer J. C. Hammond was detailed on June 7 for duty on 
the instrument, and has since that time been engaged in the reduction 
of the obseiTations of the comparison stars for the Planet Eros. 

10873-01 2 ., Cooc^lc 
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ASTRONOMICAL WOEK. 

The instrument has been in use on almost eveiy clear night during 
five and a half months of the year in observing the fixed stars. Dur- 
ing the remaining six and a half months lepairs and special investiga- 
tions for the removal of defects have been in progress. 

The observations of 135 Comparison Stars for the planets which were 
not quite finished at the close of the last fiscal year were completed, 
with the exception of one small group, on July 16, 1900, and the 
remaining stars were observed during the period February 23 to 
March 7, 1901. 

Observations on the Supplementary List of Comparison Stais for 
the Planet Eros were commenced by myself and Mr. Littell on Decem- 
ber 8, 1900, and were finished on January 29, 1901. Observations of 
stars with wire screens for personal equation due to star magnitudes, 
and observations for thread intervals of the new spider-line reticule, 
furnished by Warner & Swasey in August, were made during October, 
November, and December, 1900. 

A summarj'^ of observations made during the year follows: 



Ephemeris stars forelock error 472 

Polaris and 43 H Cephei for azimuth ot mark 83 

Zodiacal Htars 307 

Comparison stars for Eroi' 1,370 

Thread interval stars 68 

Screen stare for pergonal equation 402 

Miscellaneous stars 23 

Total number ot observations ot stars 2, 725 



Collimation 102 

Level (by stunt !e%el) 1S7 

Level (by oDseriatKns o%er mercury) 53 

Azimuth ot meridian mark 83 

Azimuth of instrument from mark 347 

Nadir point, Circle A 126 

Nadir point, Circle B IdO 

Buns of microscopes 16 

Total number of determinations of constants 1 044 

The obspivationa with Htieen** toi deteimination of peisonal equa 
tion due to stai magnitudes indicate that Mi Littell s peisonal 
equations due to that cause is somewhat larger than mj own, and also 
that small eiTors exist in the observed times of transit across the sepa- 
rate threads of the reticule, due probably to defects in the illumina- 
tion of the field. 

The pivots of the instrument were investigated in October by means 
of the hanging level and also with the axial collimator. They were also 
measured with a spherometer caliper and were found to differ some- 
what in size. Their irregularities in form are such as to cause small 
but appreciable errors in observations in right ascension. 

REPAIRS AND ALTERATIONS IN INSTRUMENTS. 

A S^-inch lens of 185 feet focal length by Brashear, together with 
cast-iron brackets, for south meridian mark, has been furnished duringf 
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the year by Warner & Swaaey, of Cleveland, Ohio, but has not yet 
been put in pl^ce. The north meridian mark has been used during , 
the year with some difficulty as it is not at, but several feet south of 
the principal focus of the lens through which it is viewed. 

The apparatus for illuminating the field of the telescope has been, 
until recently, so defective as to cause serious error in transit observa- 
tions. This is appai'ently due in some way to the fact that the light 
was reflected obliquely upon the reticule. Apart of the original illu- 
minating apparatus was removed and. a small circular miri-or, which 
throws the light pei-pendicularly on the reticule and parallel to the line 
of collimation, was cemented to the inner surface of the object glass. 
The illumination of the field is now entirely satisfectory. It ls capable 
of the most deli(»te adjustment from total darkness to great brilliancy, 
and all parts of the field are equally bright. This improvement was 
made without expense to the Observatory. 

The two divided circles were sent on April 24 to Warner & Swasey 
to be redivided, as the old divisions were unsatisfactory. These circles 
have not yet been returned. 

The objectives of the microscopes used in reading the divided circles 
gave bad definition and on inspection were found U> be visibly defect- 
ive. New objectives have been Jurnished by Mr, J. A. Brasbear. 

The collimation and level constants of the instrument change very 
slowly and continue to be entirely satisf actorj', but the large variation 
of azimuth with temperature mentioned in last year's report has been 
only partially removed. After various experiments, which gave only 
ne^tive results, the heavy cast-steel bed-plates were revers^ in posi- 
tion by turning each one horizontally on ita own pier thi-ough 180'-'. 
The change of azimuth was then very much reducea in amount. These 
bed-plates were replaced on June 17 with new cast-iron bed-plates. The 
tests subsequently made indicate that the amount per degree of the 
variation of the azimuth with temperature is considerably i-educed. 
The curve of azimuth change is simplified, and the response to changes 
of temperature is much slower, indicating probably that the remaining 
trouble lies in the massive marble piers or the manner in which they 
rest on their foundations. Each pier is supported on three pieces of 
cardboard about one-fourth of an inch thick. I recommend that the 
marble piers be replaced by piers built of brick laid in cement in 
accordance with the best motiern practice. 

THE CLOCK VAULT. 

During January and Febmary a clock vault, 8 feet square and 7 feet 
high, was built in the basement of the observer's room adjacent to the 
building which shelters the 6-inch transit circle. The construction 
of the vault is intended to be such that it will be practicable to keep 
the temperature within very nearly constant throughout the year. A 
9-inch brick wall incloses a wooden house of dimensions above stated, 
with an air space of 1 foot, which contains hot-water pipes for heating. 
The whole is roofed over with boards inclosing a 6-ineh layer of 
asbestus Tvool. The vault contains three brick piers for clocks and 
oue small pier which may be used in mounting a pendulum apparatus 
for testing the minor irregularities of clock rates. Triple doors are 
provided and means for slow ventilation. 

The location is on the summit of a hill, and drainage conditions are 
such that the basement in which the vault is situated is remarkably 
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dry. There is little reason to fear damage from rust to the mechanism 
of the clocks, provided that ordinary care is exercised, even when 
the clocks are not protected by air-tight cases. 

A clock by Kessels, which seems to be in excellent condition, has 
been mounted in the vault, inclosed in a heavy coppei- case which has 
been in the Observatory for some years and out of use. This case has 
been to some extent remodeled by the Instrument Maker, but all 
attempts to make it air-tight have been only [lartiaUy successful. An 
air-tight case for the Howard clock, No. 404, is now "being constructed 
by Ml'. G. N. SaegmuUer of Washington. 
Very respectfully, 

Milton Updegraff, 
Ih'ofe8sor of Mathematics, U. S. 2f. 
The Superintendent, Naval Observatory. 



THE I2-IN0H EQUATORIAL. 

Sir: 1 have the honor to submit the jollowing report of work upon 
the 12-inch equatorial during the fiscal year ending June 30, 1901. 
The instrument was placed under my direction March 30, 1901. Prior 
to that time it was under the general charge of Professor S. J. Brown, 
U. S. N. It was dismounted in November, 1900, and a number of 
material changes in the clamps and tangent screws and in the head 
casting were effected by Mr. G, N. Saegmiiller, the original maker of 
the instrument. These alterations were not entirely completed and 
the telescope ready for use until the latter part of April, although it 
had been used occasionally during March and April to give visitors a 
view of objects which could be picked up without the aid of the circles. 
The alterations have materially improved its efficiency, but there are 
still some minor changes possible which would greatly increase the 
ease of manipulation. 

The constants of the instrument have been partly redetermined and 
a few observations undertaken of faint stars and double stars within the 
limits of the zone which was observed on the 9-inch transit circle for 
the Astronomische Gesellschaf t. These are not yet completed. The 
double stars have been measured by Computer E. A. Boeger. Com- 
puter G. K. Lawton made one observation of Proserpina (26) on June 
18, but completed the series on the 26-inch equatorial. 
Very respectfully, 

Theo I. King, 
I/i- charge 12-inch M^uatmHal. 

The Superintendent, Naval Observatory, 



THE PRIME VERTICAL TRANSIT AND THE 5-INCH ALT-AZIMUTH. 

Sir: In compliance with paragraph 23 of the regulations governing 
the United States Naval Observatory, I respectfully submit the follow- 
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ing report of the operations in niv department during the vear ending 
June 30, IStOl. 

Before proceeding to report upon the observations secured with the 
instruments I desire to invite the attention of the superintendent to the 
following extract from Science for January 11, 1901, page i2: . 

We find, also, that the total number of aeparat* observations with the prime vertical 
transit was 164, less than one-half the nuiiil>er of nights in tlie year, while those with 
the alt-azimuth, used as a zenith telescope, numbered a little more than the days in 
the year. At the international geoiietic stations the observers are expected to make 
about 16 double obwervations on every i-lear night. 

Attention is also invited to this extract from the same publication, 
but of date January 4, 1901, page 1: 

There are also intimations that something is wrong with the prime vertical transit, 
and altogether the impression made on the reader is that, after seven years of effort 
to equip the Observatory with the tiest instruments, it is doubtful whether a single 
one of real importance, except the great teleecope, is in order for first-claaa work. 

The wi'iter of these editorials in Science clearly indicates that his 
conceptions of the amount of astronoaiical observing to be obtained 
with an instrument in the prime vertical are absurd. 

Taking up the first extract, I wish to answer it, 1 was, by orders of 
the Department, aa well as by t'ourself, detailed last spring as an 
observei' in one of the parties sent soiith to observe the eclipse of the 
sun, and for six weeks I was detached from the instrument. 

From April 15 to May 1 I was directed to give my whole time to 

Sreparing for shipment the apparatus to be used in the eclipse. From 
lay 1 until June 1,1900, 1 was at Griffin and Barnesville.Ga., engaged 
in preparing for the phenomena just mentioned. In addition, I 
observed at both places on fifteen nights, to deteimine their latitude 
and longitude. 

T^e wisdom of the Observatory displayed in having those two fun- 
damental positions determined is well illustrated bv the misfortune 
that came to an observer who went to Africa. lie trusted to an 
approximate latitude and longitude, and found at the instant of the 
eclipse he was entirely outside of the shadow line. 

If the writer of the above extract was only superficially informed 
of the time necessary to secure a complete observation of a star across 
the prime vertical, he would not have attempted to make a comparison 
between the number of observations secured during the same period 
with the prime vertical and the zenith telescope. It will take about 
four hours per night to observe sixteen pairs of stars with the zenith 
telescope, the number usually obtained bv those engaged in the variation 
of latitude work. In the same time it is impossible for anyone using 
the prime vertical to secure more than four or five, and had the writer 
consulted an astronomer he would have found that out. 

During the past spring I observed practicall}' all night on each night 
in which the sky was clear, and during an interval of nine or ten 
hours the largest number of star observations I could possibly obtain 
was nine or ten. 

As an additional answer to this senseless criticism, I would invite the 
attention of the Superintendent to a comparison of the number of 
observations made with our instrument with that obtained by the only 
other astronomer who is now continuously observing with the prime 
vertical transit. 

In 1900 I obtained in ten and one-half months observing 16i o 
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vations. The obsen'er at Pulkowa for the full year made 106. Since 
18!t6 I have secured 1,150 observations. In the same time the prime 
vertical at Pulkowa has j'ielded 755. This recoi-d will be found in 
Professor Albrecht's report on the variation of latitude for 1900. 

The remarks contained in the second extract are equally absurd. 

In justice to our prime vertical transit, I desire here to state that 
it is of a better form, it is built in a more symmetrical manner, and its 
mounting permits of determining the errors it uiay have in a more 
complete manner than any other now in use. 

In 1898 I obtained about 125 obsen-ations of « Lyrae in the full 
daylight, as well as in the night. The range between the greatest 
an3 least declination for the whole year's woi-k, including every obser- 
vation made, and the good, fair, and poor seeing that obtained for each, 
was l."4i. If four observations are rejected, because they stand out 
so markedly from the others, made at a time when the seeing was very 
poor, and so noted in the observing book, the range is reduced to l."04. 

There is not in existence a meridian circle, vertical circle, or zenith 
telescope that has been used to observe the same star or pair of stars, 
throughout the year, that has as small a range as this in the declination, 
or latitude, obtained with it. The probable error of a single observa- 
tion for this series, including the variation of latitude, is ±0."16. 

The prime vertical transit is in good order, and has been so since 
my last report. 

I have continued observations by reflection over a basin of mercury, 
so as to keep a constant check upon the level correction. I give here- 
with the latitude of the instrument, secured from observations made 
direct and by reflection, upon dates that are within a very few days 
of each other. There is not a more critical test of the accuracy of the 
level correction obtained by the aid of a spirit level, a/A far as prime 
vertical observations are concerned, than that of comparing direct and 
reflected determinations. 

An examination of these individual latitudes, as well as the mean of 
each set, dearlj' indicates that the level tube is a good one, and is free 
from systematic errors. 
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It will be noticed that these means differ by onlvO."06, and together 
by only 0."07 from the general mean given below, which has been 
obtained fi-om nearly 1,600 obseiTations. 
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During the year I have made an investigation of the form of the two 
pivots attached to the instrument. I have examined each throughout 
the length of its bearing surface in the Ys, and the results, which will 
be printed in the volume containing the observations secured with the 
instrument, do not indicate that eimer pivot is out of parallelism with 
the cube, or that their departure from a true cylinder is of enough 
magnitude to affect an observation. 

In the past year I have made 619 observations with the aid of both 
instruments. The reductions of the observations, which have all been 
made by myself, are practically complete to the 1st of January, l&Ol. 

Last fall I made a complete re-discussion of the prime vertical transit 
observations, basing the derived latitudes upon the star places obtained 
from the New Catalogue of Fundamental Stars, prepared by Prof. S. 
Newcomb. After it was finished the results were transmitted to Pro- 
fessor Albrech t, of the Central Bureau der Internationalen Erdmessung, 
Potsdam, Germany, to be used by him in his annual paper upon the 
"Variation of Latitude." 

From that discussion the following mean yearly latitudes were 
obtained: 

1894 38 55 14.51 

1895 ,S2 

1896 .61 

1897 .46 

1898 .45 

1899 .43 

1900 .55 

Mean 38 55 14.50 

Reduction to the ciock room —.52 

latitude of Naval Obseiratory 38 66 13.98 

The individual observations of all prime vertical transits up to De- 
cember 31, 18^9, are now readv for the printer. The introduction to 
the volume to contain them is tliree-fourths completed, and will be fin- 
ished in time to transmit it to the Government Printing Office by the 
last of July or middle of August 

The 5-inch alt azimuth was used during the year principally as a 
zenith telescope, in connection with the prime vertical transit. 1 am 
not making zenith-telescope observations exclusively with it, but only 
of those stars that are observed with the prime vertical, and which 
permit of being observed by Talcott's method. 

This Observatory is the only one in this country equipped with a 
prime vertical transit, and for that very rea.son the major portion of 
the data we are securing for the study of the variation of latitude is 
made with it. 

To keep a constant check upon thtj results of the first -mentioned 
instrument, to be able at all times to compare its working with the 
zenith telescope, has been the constant aim of this Observatory, and a 
comparison of observations for latitude from two methods of observ- 
ing so unlike as obtains in these two instruments is bound to reveal 
any systematic errors existing in either, when quantities as small as 
those causing the change of latitude are to be measured. 

I would respectfully bring to the attention of the Superintendent 
the need in this department of a computer employed at a moderate 
compensation. In addition to my observing, in the past all the reduc- 



24 . UNITED STATES NAVAL OBSEEVATORT. 

tions of observations secured from both instruments Iiave been made 
by myself. This year I find I am falling in ari'ears. Such an assist- 
ant would relieve me of a great deal of routine copying and comput- 
ing, and permit me to investigate other problems in my work that 
demand attention, but which have not been taken up for want of time. 

I would also invite his attention to the need of a mark for the prime 
vertical ti"ansit. One of the criticisms that has been made of the 
instrument is the absence of such a mark. This is a fair criticism, 
for the observer should at all times be able to determine the azimuth 
of the instrument, especially between the east and west transits of a 
star, Pi-of essor Hall in my presence suggested the necessity of it, and 
Profeaeor Harknesa had promised that before he retired' he would 
mount the mark, but many other pressing needs came in and he left 
the Observatory before he was able to do so. 

Respectfully submitted. 

Geo. a. Hill, 
Assistant Astrono-niev: 

The Superintendent, Naval Observatory. 



THE 40-FOOT PHOTOHELIOGRAPH. 

Sir: During the year photographs wei'e made of the sun on 116 
days. Sun spots were observed on them on 24 days, a^ follows: Octo- 
ber, 13 days; November, 1 day; February, o days; May, 3 days. 

This shows a very quiescent state of solar activity, the average number 
of spots being slightly less than the year preceding. Besides sun spots, 
the plates show many faculse and fine detail in the gi-anulation oi the 
solar surface. This was rendered possible by the use of photographic 
plates, having a hne-grained lantern-slide emulsion, giving conti-ast and 
fine definition by the use of special developer. 

Owing to my absence on duty with the Naval Observatory eclipse 
expedition to bumatra, the daily record was kept by Computer E. A. 
Boeger from February 8 to the end of the fiscal year. 

Respectfully, Geo. H. Peters, 

Photographer in Charge. 

The Superintendent, Naval Observatory. 



THE TOTAL SOLAR ECUPSE OF MAY 18, 1901, 

Sir: The appropriation for the observation of this eclipse became 
available early in January, 1901, thus affording very scant time for 
preparations, which were necessarily pushed to completion previous to 
February 1, when it was necessary to ship the instruments. 

The expedition comprised the following persons: 

Prof. A. N. Skinner, U. S. N., chief. 

Prof. W. S. Eichelberger, U. S. N. 

Assistant Astronomer F. B, Littell. 

Photographer G. H. Peters. 

Assistant L. E. Jewell. 
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Assistant W. W. Dinwiddie. 

In addition to the above members of the Naval Observatory staff the 
following scientists were Invited to become members of the expedition: 

Prof, E. E, Barnard, Yerkes Observatory. 

Dr. W. J. Humphreys, University of Virj^inia. 

Dr. N. E. Gilbert, Johns Hopkins University. 

Dr. S. A. Mitchell, Columbia University. 

Mr. H. D. Curtis, University of Virginia. 

The place of observation selected was the west coast of Sumatra, in 
the vicinity of Padang. Arrangements were made for the transporta- 
tion of the expedition from San Francisco to Manila on an army trans- 
port and f romi Manila to Padang, Sumatra, on a United States war 
vessel to be designated by the commander in chief of the Asiatic Station. 

The instruments were shipped bj- fast freight to San Fi'ancisco Jan- 
uaiy 26, where they arrived February 13. The eclipse party left 
Washington February 5 to 7 and arrived in San Francisco February 
10 to 12. The instruments having been placed on board, the expedi- 
tion sailed on tlie U. S. army transport Sheridan February 16. The 
Sheridan arrived at Honolulu February 25; sailed from Honolulu 
February 28 and arrived at Manila March 18, after a prosperous and 
uneventful voyage. 

Admiral Kemey, commander in chief of the Asiatic Station, desig- 
nated the U. S. S. Geiiei-al Ahii'a, Lieutenant-Commander Halsey com- 
manding, to convey the expedition from Manila to Padang, Sumati-a. 
The equipment having been transferred from the Slieridun to the Gen- 
eral Alava, the expedition sailed from Manila March 26, proceeded 
direct through the Straits of Sunda and arrived at Emma Haven, the 
port of Padang, 7 kilometers distant, on April 4. The eclipse party 
was first greeted by the United States consular agent, Cornelius G, 
Veth, who rendered invaluable assistance in placing the party in com- 
munication with the officials of the Netherlands Grovernment. Aid 
was freely granted in numberless ways by Governor Joekes and his 
subordinates thoughout the island. It should be specially noted that 
free transportation was granted over the entire railway system for the 
members of the expedition and for the instrumental outfit, weighing 
about 15 tons. 

The three stations for observation selected by Professor Skinner 
were Fort de Kock, situated near the northern edge of the shadow, 
Solok and Sawah Loento, two points where the railroad in the interior 
runs nearest the centi-al line of the shadow. The distances of these 
stations by rail from Emma Haven are, respectively, Fort de Kock, 
94 kilometers; Solok, 128 kilometers; and Sawah Loento, 156 kilo- 
meters. 

At the request of Professor Skinner the expedition received valu- 
able assistance from Ensign Gilbert Chase, Cadet W. V. Tomb, U. S. N., 
and Asst. Surg. H. E. Odell, officers of the Geriifral Alat;a. Through 
the courtesy of Lieutenant-Commander Halsey the expedition was 
favored with the assistance of eight men from the Oeiieral Alai'a, viz: 
A. L. Smith, W. A. Vanaken, R. H. Schops, M. C. Suman, J. J. Few, 
W. J. Cassidy, C. W. Keeter, and G. H. Getz, who rendered most 
efficient service, which is worthy of mention. 

The expedition received valuable volunteer assistance from Mr. G. 
E, Irving, agent of the British and Foreign Bible Sooiet}', Mr. Ren€ 
Granger, of Cartersville. Ga., and Mr. Melvin Munson, of Padang. 
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The distribution of the instruments, observers, and assistants was 
as follows: 

FORT DE KOCK STATION. 
[In charge of Prof, W. S. ElCHELBEHQEE, U. S. N.] 

1. ThJrtj'-foot concave grating spectroscope, in charge of Dr. W. J. 
Humphreys. This grating is the property of Mr. L. E. Jewell. 

2. Photoheliograpn of 5 inches aperture and 39 feet focal length, in 
charge of Photographer G. H. Peters, assisted by A. L. Smith. 

These two instruments were fed by a Brashear coelostat, furnished 
with two 10-inch silver -on-glass mirrors especially built for the Naval 
Observatory for such work. 

SOLOK STATION. 
[In charge of Prof. A. N. Srinnbb, U. S. N.] 

1. Photoheliograph of 6 inches aperture and 61.5 feet focal length, 
in charge of Prof. E. E. Barnard. This instrument was fed by a 
coelostat furnished with a silver-on-glaas mirror 15 inches in diameter. 
The objective and coelostat are the property of the Yerkes Observatory. 

2. Ten-foot concave grating spectroscope, in charge of Mr. L. E. 
Jewell, assisted by R. H. Schops. 

3. Flat-grating spectroscope used with a slit, in charge of Assistant 
Astronomer F. B. Littell. This grating is the property of the Johns 
Hopkins Univereity. 

4. Prismatic camera, in charge of Assistant W. W. Dinwiddle. The 
60^ flint-glass prism has faces about 6 inches square; the telescope 
employed with it ha.s an object glass 6 inches in aperture and 7.6 feet 
focal length. The prism and object glass are the property of the 
Smithsonian Institution. 

5. Spectropolarigraph devised and furnished by Prof. R. W. Wood, 
of Madison, Wis., now of Johns Hopkins University; in charge of Dr. 
N. E. Gilbert, assisted by J. J. Few. 

6. Photoheliogi"aph, 7.5 inches in aperture and 114 inches focal 
length, in charge of Mr. H. D. Curtis. 

7. Voigtlaender doublet, 6.25 inches in aperture and 31 inches focal 
length, 

8. Clark doublet, 3.25 inches in aperture and 30 inches focal length. 
Nos. 7 and 8, which are the property of the Yerkes Observatory, 

were mounted by Mr. H. D. Curtis on a 6-inch equatorial stand loaned 
by Mr. G. N, SaegmuUer. They were placed in charge of Mr. G. E. 
Irving, assisted by W. J, Cassidy and G. H. Getz. 

Instruments 2, 3, 4, and 6 were fed by modified coelostats originally 
constructed for transit of Venus work. 

SAWAH LOENTO STATION. 
'[In charge of Dr. S. A. Mitchell.] 

1. Flat grating spectroscope in charge of Dr. S. A. Mitchell, 
assisted by C. W. Keeter. 

2. Photoheliograph, 6 inches in aperture and 104 inches in focal 
length, in charge of Mr. Ren6 Granger. 

In brief, the results obtained were as follows; 
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At Fort de Rock, on the day of the eclipse, the sky was perfectly 
clear, thus peruiitting Mr. Peters, with the photoheliojrraph, to secure 
ten negatives, and Dr. Humphreys, with the 30-foot concave grating, 
six photographic spectra. Professor Eicheiberger observed the times 
of the first, second, and third contacts. 

At Solok Professor Skinner was able to observe the times of the 
first, second, and fourth contacts; but clouds, more or less dense, pre- 
vented securii^ photographic negatives of any value. 

At Sawah Doento the clouds were somewhat less dense than at 
Solok. Mr. (jrranger secured six negatives with the photoheliograph, 
and Dr. Mitchell six photographic spectra with the flat grating. 

An interesting incident of the stay in Solok was the sudden appear- 
ance of a naked-eye comet, which was first seen by Mr. W. W. Din- 
widdle in the western sky sbortlj' after sundown on Slay 3. Mr. Curtis 
and Professor Barnard secured sevei-al photographs of the comet May 
5 and 6. 

It should be especially noted that the utmost generosity was dis- 
played by all the officials of Sumatra in freely affording assistance to 
the expedition at every opportunity. 

After the eclipse the negatives were promptly developed. The 
equipment was packed, shipped by rail to Lmma Haven, ana placed in 
the hold of tlie General Alava, on .board of which the expedition sailed 
for Manila May 28. The Ge^i-ral Alava touched at Tandjong Priok, 
the port of Batavia, May 31, sailed therefrom June 1, and arrived at 
Manila June 8. 

By authority of Admiral Rodgers, at Manila, the instruments were 
ti-ansfeired to the U. S. S. Culgoa and shipped to the United States 
via Suez. 

Transportation for Messrs. Gilbert and Humphreys was furnished 
from IVfanila to San Francisco on board the IT. S. army transport 
Meade, which was billed to sail from Manila July I. Transportation 
for the remainder of the party was obtained on board the tJ, S. char- 
tered transport Indiana, which sailed from Manila, after some days' 
delay, on June 20 and proceeded without stop to San Francisco, where 
she arrived July 1^. From San Francisco the members of the expe- 
dition proceeded to their destinations by rail. 
Very respectfully, 

A. N. Skinnek, 
Professor of MatJieiiudice, TJ. S. M. 

In charge Expedition. 

The Superintendent, Naval Observatory. 



REPORT OF COMPUTING BUREAU, 

Sir: I have the honor to submit the following report of computa- 
tions during the fiscal year ending June 30, 1901. The Computing 
Bureau was established Septembei" 12. 1900. undercharge of Professor 
W, S. Eicheiberger; during Professor Eichelberger's trip to Sumatra, 
beginning Februarv 7, 1901, Assistant Astronomer Tbeo I. King sup- 
plied his place. The force engaged upon the work were Computers 
W. M, Brown, E. A, Boeger, G. K, Lawton, and J. C, Hammond; 
Mr. A, B. Turner, July 11 to August 23, 1900; Mr. AV. W. Dinwiddle, 



28 UNITED STATES NAVAL OBSERVATORY. 

July 17 to A^ust 31, 1900; Mr. J. A. Lyon, July 18 to August 24, 
1900; Misses E. A. Lamson and C. M. Upton, from July 21, 1900; 
Mr. Roy Y. Ferner. from August 2. 1900; Mr. E. I. Yowell, from 
Februai-y 6, 1901; Mr. H. R. Morgan, from March 26, 1901; Mr. C. W. 
Frederick, from Apiil 2, 1901; and Miss C. C. Barnum, from April 
4, 1901. 

During the year Volume I, Second Series, " Publications of the United 
States Naval Obser^Titorj', Sun, Moon, Planets, and Miscellaneous 
Stars, 1894^1899," has been completed and published. The reduction 
of subsequent observations is also pi-actically up to date. The Zone, 
— 13^50' to— 18" 10', is designed to constitute Volumes II and III. For 
this the printer's copy, covering the observations to 1900, is com- 
pleted. The remaining observations already made are reduced, and 
the issue of the two volumes is confidently looked for before the close 
of the year 1901. 

In accordance with the statements in the introduction of Volume I, 
and on page 24 in the '"Report of the Superintendent for the year 
ending June 30, 1900," the volumes of the new series will be classilied, 
and each one will contain only the material pertaining to its title. The 
observations of Eros and commrison stars made during the past twelve 
months should make Volume IV. This material has been completely 
reduced, and is ready for the printer. 

Considerable progress has been made in reducing the observations 
of Zodiacal stars by Professor Eichelberger. 

The order creating the computing bureau reads as follows: 

Bureau of Reductions. — A computing bureau is established, under charge of Pro- 
fessor Eiirhelberger, to which all computers are assigned, and they shall report to 
the officer in charge of that bureau, except when especially assigned to o" ' ' 



tions, thus giving him time while not observing for the discussion of his instrument 
and the results of his observations. Whenever pieces of computing are available on 
any of the instruments, they will be reported to the Astronomical Director for con- 
signment to this bureau. 

The bureau has established its utility, and I would recommend the 
enlargement of this order to include the custody of all observations, 
records, and computations. I think a place for this matter should be 
provided, adapted for its preservation and for rendering it easily 



Very respeetfullj-, Theo I. King, 

In charge Oomputing Bureau. 
The Superintendent, Naval Observatory, 

REPORT OF THE DIRECTOR OF THE NAUTICAL ALMANAC. 

United States Naval OssERVATOar, 

Nautical Almanac Offioe, 
Washington., D. C, Attgust 31, 1901. 
Sir: I have the honor to submit the following report of the opera- 
tions of the Nautical Almanac Office for the fiscal year ending June 
30,1901: 

printing. 

The boobs published during the year were received from the Gov- 
ernment Printing Office on the following dates: 

The Pacific Coaster's Nautical Almanac for 1901, first edition, Octo- 
ber 2, 1900; >OqIc 
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The American Ephemeiis and Nautical Almanac for 1901, second 
edition, December a2, 1900; 

The American Nautical Almanac for 1901, third edition, February 
8, 1901: 

The American Nautical Almanac for 1904, tirst edition, March 15, 
1901; 

The American Ephemeris and Nautical Almanac for 1904, first edi- 
tion, April 20, 1901; 

The American Nautical Almanac for 1903, second edition, May 23, 
1901. 

DISTRIBUTION OF PUBLICATIONS. 

During the fiscal year ending June 30, 1901, the sale and distribu- 
tion of publications were as follows: 



Title. 1 Sold. 


DlPtrlb- J"rt^"' Puiillc 
utKd. \^2njf^ senice. 


Total. 


aScH^ KauufiTl KlmKaac S 211 
Pacific Coaster's NaQti al AlmaDBC 1 126 


M SS 326 1 31634 



The proceeds of the abo\ e sales amounted to $3,379,48, and, in com- 

CLce with law, that money has been deposited to the credit of the 
surer of the United States on account of public printing and 
binding. 

TUB AMERICAN EPHEMERIS. 

While the law authorizing the publication of the American Ephem- 
eris provides for the issue of each volume three years in advance of 
its date, yet that for 1904 was issued the latter part of April, 1901, or 
nearly four months late. A systematic redistribution of the office 
force, while not interfering with the new investigation now in prog- 
gress, will prevent this delay in the future. 

The general arrangement and plan of the Ephemeris, with a few 
minor changes, remain the same as in the volume for 1904. Struve 
and Peter's constants have been used in the main body of the work to 
secure uniformity with preceding volumes. The data which can not 
be thoroughly checked by differences has been computed in duplicate. 

NEW INVESTIGATIONS. 

The wide divergence between observations and tabular places from 
Damoiseau's tables has shown the desirableness of forming new tables 
of Jupiter's satellites. This work, which it is hoped may be finished 
in five or six years, has been commenced and will be pushed as rapidly 
as the regular work on the Ephemeris will permit. 

The work of determining new elements of the inner satellite of 
Uranus has been completed. 

The catalogue of Zodiacal stars prepared for use in this office in com- 
puting occultations, is so far advanced that the data contained in this 
catalogue are available for use in computing the occultations for 1906. 
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MISCEUANEOUS. 

Through the courtesy of the Superintendent of the Naval Observa- 
tory, facilities have been furnished to reiit the library and permit of 
the proper classiticatioii of the volumes. 

A card-index system for cataloguing the library and briefing the 
correspondence has been installed. 

More than 30,000 volumes of the publications of this office, which 
have lain in the basement for years, have lieen securely tied in packages 
and placed upon shelves. 

The original computations of the Astronomical Papers will be placed 
in the libraryj classitied, and propeiiy indexed. 

I desire to mvite attention to tne efficiency of the assistants in this 
office, who are, without exception, gi-aduates of leading universities 
of America and Europe, and 1 do not consider it inappropriate to say 
that their salaries are entirely inadequate to the duties required of 
them. 

Very respectfully, 

Walter S, Habshman, 
Professor of MathemaHcs, U. 8. M., 

Director Nautical Ahmmac. 

The SuPERiNTESDEST, Naval Observatory. 



Sir; The preparation of requisitions for the purchase of instruments, 
supplies, etc., and for necessary repairs to old instruments, for issue 
to ships, navy-yards, and naval stations, has been continued in the 
Department of General Storekeeper. 

The following table shows the number of instiiiments and articles 
purchased, and the number issued in the regular routine business for 
the fiscal year ending June 30, l&Ol: 

Storm received and ugued by General Storekeeper's Department. 



InstrumenLs, supplla., etc. 


Received. 


iBBiied. 




30 
S9 


66 

1 

28 












Parallel rulers: 




Clocks; 
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Stores received and mueil hy General Storekeeper' » DepnTtmerd—ContmaeA. 



IiLBtnimenU. KUppliee. eV, 


146 

19 
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The aggregate value of instruments and stores purchased, not 
including those received from navy-vards and other sources, amounted 
to $49,100.93 during the year. 

The number of regular shipments during the year was 168, and the 
invoiced value amounted to 143,864.46, 

Shipment has been made of the 6 complete outfits for hydrographic 
survey in the Philippine Islands, of the 4 additional outfitfi for nydro- 
graphic work, and of the 2 outfits for the telegraphic determination of 
tongitude assembled daring the previous year. 

In addition to the above ordinary work the assembling and inspec- 
tion of 4 more survey outfits and 2 more outfits for telegraphic deter- 
mination of longitude have been almost completed during the year. 
One of the longitude outfits has been shipped. 

The value of a survey outfit is $3,450.82, approximately, and the 
value of a longitude outfit is $3,658.60, approxmiately, givmg a total 
for the 18 outfits of $62,945.88. All the outfits have been purchased 
under the appropriation "Ocean and Lake Surveys." 

As will be easily seen this additional work has been considerable, 
and the department has suffered no little inconvenience by the tem- 
porary detachment of the officer in charge. 

M. E. PoRTBH, Com^mter. 

The Superintendent, Naval Observatory. 



DEPARTMENT OF CHRONOMETERS AND TIME SERVICE. 

Sir: During the year 14 standards and 4 hacks, which were pur- 
chased with ships during the Spanish war, have been reported to 
the Observatory. One hack which was captured has been repaired 
and is now ready for issue. A competitive trial for the purchase of 
new chronometers was held. Seventeen chronometers were entered, 
and of these 9 were purchased. ■ 
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The following table ^ihows the present location of all the seagoiog 
chronometers belonging to the Navy: 



[Inservici; A i Mare 
1 aflom. Island. 


At shore 
statiODR. 


Do.,i^(.i.' Under- 1 

i ! S 


Total. 
354 


M.T. standards 





^ i " 
^ 1 


15 



Sia. etandaniB. 














353 23 


44 


41 1 n 


aoi 





The following table includes the chronometers at Mare Island, Oal., 

in addition to the same for the Observatory, and shows the number 
received and issued during the year: 
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On August 14, 1900, a requisition was made for the purchase of 12 
standard chronometers after a competitive trial, and notice was sent 
to the principal firms of chronometer makers in the United States. 

Three firms entered chronometers in the competitive trial. Wm. 
Bond & Son entered 8, 0. A. Geissler entered 6, and T. S. & J. D. 
NeguB entered 3. 

One chronometer, Bond 663, passed trial with a trial number of 8.3, 
and was purchased, according to specifications, for $350. Four chro- 
nometers — Bond 566 and 552. and Negus 1875 and ISS-t^passed with 
trial numbers between 9 and 16. These were purchased at $330 each. 
Four -chronometers— Geissler 1061, Bond 555 and 562, and Negus 
1905 — had trial numbers between 16 and 35. These were purchased, 
with the consent of the Bureau of Equipment, at $300 each. « 

Twenty of the Bureau's chronometers were subjected to the same 
trial for the determination of new rate curves. 

The tempemture trial began January 4 and ended March 30. The 
chronometers were then placed in the chronometer room and run for 
twelve weeks. 

The apparatus for regulating the temperature operated satisfactorily. 

The following table shows the detail results of the trial: 
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WATCHES. 

The following table shows the number of watches issued and 
received; 





Issued. 


Purchased. 


Returned. 




ODtonijaeW^r 


ComDBrinit 


.27 
44 


1 


I 


25 















THERMOMETEBa. 

During the year 37 maximum and minimum thermometers have been 
issued, and 48 are now ready for issue. Four have been returned from 
ships. 

THE TIME SERVICE. 

During the year 142 observations for time were made. The 3 stand- 
ard clocks and the 2 clocks for transmitting noon signals have per- 
formed fairlv well. Noon signals were sent out every day in the year 
except Sun<lays. The average error for the year of noon signals 
(seventy-fifth 'meridian time) was 0.13 seconds. 
Very respectfully, 

M. E. PoRTEB, Computer. 
The Superintendent, Naval OseERVATOBr. 



MAGNETIC DEPARTMENT. 

Sir: 1 have the honor to submit the following report of operations 
in the Magnetic Department during the fiscal year ending June 30, 1901. 
No effort na« been made to obtain magnetic records, tecauae the dis- 
turbances occasioned by the grounding of electric ti-action and light 
wires still exist. The plant has been twice inspected during the year, 
and is in good order. The clocks are regularly wound. 
Very respectfully, 

Thbo I. King, 
In cliarge ^' • - 

The Superintendent, Naval Obsebvatort. 
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TELEGRAPHIC TIME 

Sent out at Noon daily, except Sundays andHolidaf 



The entire series of noon signals sent out daily over the wires is siiDwign 
signals as they would be recorded on a chronograph, where a pen draw&llne' 
it and is actuated by an electro-magnet so as to make a jog at every tick of t1 
are such as to omit certain seconds, as shown by the breaks in the rewnL ' 
telegraph or telephone office to recognize the middle and end of each ruimiie, « 
interval that is followed by the noon signal. During this last long iiterva 
and of clocks that are corrected electrically at noon throw their local lines 
corrects the clocks. 



noon signal T» alooier contact oftea^flrislOT^eEtnie 
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This series of noon signals is sent continuously over the wires all oy, 
preceding noon. For the country east of the Rocky Mountains the sigu^ 
of the 75th meridian, standard time, corresponding to 11 a. m. of the ^ 
west of the Rocky Mountains they are sent out by the Observatory at the ' 
meridian, the standard time meridian of the Pacific Coast. The transmit 
shortly before noon, from the mean of three standard clocks that are i^ 
signal is seldom in error to an amount greater than one or two tenths of ^ ; 
I long telegraph lines. Electric transmission over a continuous wire if 
noon, similar signals can be sent out by telegraph or telephone from the b^, 

M (From the Annual Report of the Superintendent of the U. S. Nav&i 
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TIME SIGNALS ^ = 

! Holidays, by the U. S. Naval Observatory. 

bowu graphically in tLe accompanyiag diagram. This represents the 
rs a line upon a sheet of paper moving along at a uniform rate beneath 
ick of the transmitting clock. The electric connections of the clock 
econl. These breaks enable anyone who is listening to a sounder in a 
linute, especially the end of the last minute, when there is a longer 
interval, or 10-second break, those who are in charge of time balls 
i[ lines into circuit so that the noon signal drops the time balls and 
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11 over the United States for an interval of five minutes immediately 
'Qsls are sent out by the Observatory at Washington and end at noon 
) 90th meridian and 10 a. m. of the 105th meridian. For the country 
the Mare Island Navy Yard, California, and end at noon of the 120th 
smitting clock that sends out the signals is corrected very accurately, 
3 rated by star sights with a meridian transit instrument. The noon 
f a second, although a tenth more may be added by the relays in use 
•e is practically instantaneous. For time signals at other times than 
i same clock that sends out the noon signal. 



aval Observatory for the Fiscal Year endlns June 30, 1 
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REPORT 

SDPERINTENDENT OF THE NAVAL OBSERVATORY. 



United States Naval Obsbevatory, 

Washington, D. €., July 28, 1902. 
Sir: I have the honor to submit the annual report of the opera- 
tions of the United States Naval Observatory for the fiscal year ending 
June 30, 1902. 

DIVISION OF MERIDIAN OBSERVATIONS. 

Upon the return of the officers compaiing the party to observe the 
eclipse of the sun in Sumatra, it became advisable to reorgunize and 
systematize the work of the astronomical department. This was made 
necessary by the suspension of the office of astronomical director. 
The first step in this direction was to unite under one bead all the 
meridian observations made at the Observatorj' and the instruments 
engaged therein, including the clocks, except the meantime clocks 
used m the time service. The senior professor of mathematics, Prof. 
A. N. Skinner, U. S. Navy, was put in charge of this division The 
division includes the 9-incn transit circle, the 6-inch transit circle, the 
clock vault, and the clock system used in meridian observations. 

As noted in my last report, the 9-inch transit circle, through long 
years the only transit circle at the Observatory, has stood in need of 
extensive repairs; while the 6-inch transit circle, a new instrument, 
showed a serious defect in the form of a diurnal change in the constant 
of azimuth, following the changes of temperature. This defect made 
it inadvisable to dismount the 9-inch instrument for repairs until the 
defects of the 6-inch could be remedied. A systematic investigation 
to detennine the cause of this defect had been carried on by Professor 
Updegi'atf, and several minor changes made in the mounting of the 
instrument had shown some improvement in the defect above 
noted. It was finally determined, however, to remove the marble 
piers on which the mstrument rested, and to substitute piers built 
up of brick and Portland cement. This work was finished in October, 
and the result was highly satisfactory. The variation of azimuth has 
been reduced, and in fact almost eliminated, so that this really fine 
instrument is now available for the highest class of fundamental work. 
Some minor changes have still to be made, notably an adiusfanent of 
the azimuth mark, which is defective in distance. These additions and 
alterations will be made during the year. As soon as the success of 
Professor Updegraff's labors to correct the several defects of this 
instrument became assured the entire staff engaged in meridian obser- 
vations was transferred to this instrument, and the 9-inch instrument 
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waa dismouQted for repairs. For this purpose it was placed in the 
hands of Mr. G. N. Saeemiillei of Washington, and progress has been 
made ao that now within a few months the 9-inch will oe remounted 
and will be as good as new. There are also some additions to be made 
to this instrument, but it is certain that when the 9-inch instrument 
will be remounted the Observatory will be in the possession of two 
first-class transit circles. These, together with the clock system, 
embracing a standard clock in an air-tight case, will put the Observa- 
tory in a position to do fundamental meridian work. 

As some difficulty has been experienced in perfecting the old air- 
tight clock case, a new case is now under construction by Mr. G-, N. 
SaegmQller, in which it is intended to mount the Howard clock. The 
Observatory is also considering a self-winding clock in an air-tight 
case. One difficult}' in mounting a clock in an air-tight case is that 
provision has to be made for winding the clock on the outside of the 
case, and the hole and bushing which receive the key are pretty sure 
to leak air. Professor Skinner's report on the work and condition of 
his division is appended. 

THE 26-INCH EQUATORIAL. 

This instrument has remained during the year in charge of Prof. 
T. J. J. See, U. S. Navy, assisted by Mi'. W. W. Dinwiddle and Mr. 
Gustave Harrison. Mr. Dinwiddle has been recently transferred 
from assistant on the great equatorial to assistant in spectroscopic 
work, and Mr. C. W. Frederick has been appointed to fill Mr, Din- 
widdle's place as assistant. Professor See's report of the operations 
of this instrument is a 



These instruments have remained in charge of Assistant Astronomer 
George A. Hill, who has completed nine j'ears of continuous observa- 
tions of selected zenith stars for the puipose of obtaining corrections 
to the aberration and nutation constants, and also the variation of lati- 
tude. As this work is pi-actically interminable, Mr, Hill will continue 
his labors with these two instruments. 

The house which shelters the alt-azimuth instrument is a temporary 
building furnished b)' the contractor when the instrumentwas mounted. 
It is desirable to substitute a permanent building better adapted to the 
needs of the instrument. Besides this, an azimuth mark will be 
mounted under a suitable cover for the prime vertical transit instru- 
ment. The lens, cell, and bracket of this mark have been ordered, 
and the work of mounting them will proceed as soon as they are 
received from the hands of the makers. Attention is invited to Mr. 
HilPs report. 

THE 12-INCH EQUATORIAL AND COMET SEEKERS. 

These instruments are in charge of Assistant Astronomer Theo I. 
King. Besides the regular observations carried on with the 12-inch 
equatorial, this instrument is used for visitors. During the year 1,208 
pei-sons have visited the Observatory at night and were received by 
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Mr. King. This number does not include those who have received 
special privileges or who have been accorded a view through the great 
equatorial. The 5-inch comet seeker has been used by Mr. George H. 
Peters since November, 1901. Mr. King's report is appended. 

THE 40-FOOT PHOTOHELIOGRAPH. 

This instrument is in charge of Mr. George H. Petere. Daily pho- 
tographs of the sun are maSe whenever the weather permits. This 
instrument, which is of an old form, could well be replaced by a more 
modern one witli a longer focus, giving a larger image. Mr. Peters's 
report is appended. 

THE OOMPUTINd DIVISION. 

This division was in temporary charge of Mr. King at the beginning 
of the year and is now in charge of Prof. W. S. Mchelberger, U. S. 
Navy, who resumed his duties at the Observatory on his return from 
the eclipse expedition to Sumatra. The object of this division is to 
assemble under one head all the work of revision and reduction of the 
observations made at the Observatory, thus reducing the work to a 
system. In addition to this work the head of this division is charged 
with the care of the archives and original records of the astronomical 
department, which have been gathered together from the various offices 
through which they were scattered, brought into one room, and indexed 
and arranged in suitable cases. In classi^ing these records and arrang- 
ing them m the most convenient form for ready reference Professor 
Eichelberger has had the assistance of Assistant Astronomer King. 

Besides the work of reduction of observations and the care of the 
records the computing division is also charged with proof reading. 
The labors of this division are important and arduous, and the number 
of computers is small in comparison to the amount of work to be done, 
especially in view of the earnest effort which is being made to bring 
the regular publications of the Observatory up to date. Double the 
number of computers could be well employed. I have been extremely 
conservative in my estimates, and have not asked for any excessive 
addition to the working force of the Observatory, but the time will 
come when such an increase must be made, because the Observatory 
is in a prosperous condition and its work is expanding and extending. 
It is highly desirable to bring the work up to date and to prepare 
observations for publication as soon as possible after they are made. 
In order to do this effectually there must be additions to this force 
from time to time, the present force being inadequate to the amount 
of work required of it and out of all proportion to the importance of 
the Observatory when taken in comparison with the force employed 
at other similar institutions. The labors of this division have also 
been hampered by the necessity of transferring from it computers to 
do the work whicB should be done and has always been done by naval 
officers, namely, the work of inspection of nautical instruments and as 
assistants in the department of cnronometers and time service. 

Since my last report, Volume II, Publications of the United States 
Naval Observatory, Second Series, has been published and 364 pages 
of Volume 111 and 52 pages of Volume 1 V have been put in type. 
Professor Eichelbei^er's report is appended. 
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THE NAUTICAL ALMANAC OFFICE. 

The report of the Director of the Nautical Almana« is hereto appended. 
The work of the office has been brought up to date, the Almanac for 
four years in advance being now in type. J ask particular attention 
to the recommendations of the Director of the Almanac regarding 
books of reference for the library and some increase in the aataries of 
the personnel. Scientific men in both the Observatory and the Nau- 
tical Almanac Office are undei-paid, considering the very important 
work they do, requiring a knowledge of higher mathematics and 
familiarity with practical aatronomy. 



Commander Charles E. Fox, U, S. Navy, has remained in charge of 
these departments since my last report. During the year a total of 
1,224 nautical instruments of all kinds has been received from the 
various sources, and 2,161 have been issued to the service. This does 
not include chronometers or watches, which are cared for by a sepa- 
rate department. All of these instruments have to be hauled by the 
Observatorv wagons, and those which are issued to the service are 
mcked in this building. I have repeatedly called the attention of the 
Bureau to the necessity of an increase in the force employed in these 
departments and also to the fact that it is highly detrimental to the 
service that the officer in charge of such important work should be 
detached without a relief. This has occurred more than once during 
my superintendency, and the result is to throw this important work 
into the hands of irresponsible and, in some cases, incompetent per- 
sons. The care, inspection, and selection of nautical instruments must 
be in the hands ot a naval officer. A naval officer alone, or an 
experienced seaman, is competent to take charge of the requirements 
of the service in this respect. Moreover, the Bureau frequently refers 
to this office for inspection and report the various innovations and 
inventions submitted to it for consideration by outside parties. A 
seaman atone is competent to pass judgment in such cases. It is mani- 
fest that the Navy must have in its own bands the selection of the 
instruments which it uses in navigating its ships. To abandon this 
principle would be to throw open the service to innovators, inventors, 
and enthusiasts who are constantly introducing new forms of nautical 
instruments, for which they claim the greatest advantages and which 
they would substitute for the forms that have stood the test of time. 
The head of the department of nautical instruments should be a per- 
manently established post at the Naval Observatory. 1 do not mean 
to say that it should always be held by one man, because any uaval 
officer who has navigated a ship is fully competent to take up this 
work with very little preliminary training. This position might pos- 
sibly be filled to advant^^ by a retired officer. Moreover, the two 
duties of general storekeeper and inspector of nautical instruments 
should be separated. Five years ago there were four line officers, 
besides the Superintendent, employed at the Observatory, The posi- 
tions which these officers filled were, first, assistant to the Superin- 
tendent and general storekeeper; second, inspector of nautical instru- 
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menta; third, head of departmeat of cbrODometers and time service; 
fourth, assistant in the department of chronometers and time service. 
Since that time the work in these two departments has been vastly 
increased, owing to the addition of new ships to the Navy, while the 
number of officers employed has been reduced from 5 to 2, and some- 
times only 1. The consequence is that it has been necessary to take 
the computers away from their legitimate duties in the computing 
division and to call upon them as assistants. 1 renew my repeated 
recommendation that these two departments should be put on a per- 
manent and established basis with a sufficient force to carry on the 
work properly and to keep the books up to date. I have been obliged 
to place the bookkeeping in the hands of a clerk, to the detriment of 
^L !__ ju |.jjg Superintendent's office. 



IDBPARTMENT OF CHRONOMETERS AND TIME SERVICE. | Z^^ 

Lieut. Commander E. E. Hayden has been in charge of this depart- 
ment since January 22, 1902. For the statistics of his work, the 
Bureau is referred to Mr. Hayden's report, which is appended. A 
change has been made in the method of sending out standard time at 
noon, by which the preliminary signal is sent five minutes before noon 
instead of three minutes, as formerly. This is found to be advan- 
tageous at distant stations. New methods have also been introduced 
to insure accuracy in time. 



MAGNETISM AND METEOROLOGY. 

As noted in my last report, magnetic observations have been discon- 
tinued. Meteorological observations are kept up under the same condi- 
tions as have been observed since tbe establishment of the Observatory. 



GROUNDS AND ROADS. ^^ 

Since my last report all the outlying tracts covered by the fund 
appropriated by the naval appropriation act of last year for the pur- 
chase of lands tying within the Observatory circle not included in the 
original purchase have been acquired by purchase, with the exception 
of the tract belonging to Mr. Fhilip Young and tbe tract belonging 
to the estate of Normanstone. The owners of these two tracts refused 
to accept the Government appraisal and appealed to the courts. A 
suit is now pending for the condemnation of these two tracts of land. 

I renew my recommendation that a fence should be provided for in 
the next appropriation bill to completely inclose all the land belonging 
to the Observatory. I also renew my recommendation that no part of 
the present holding of tbe Observatory be sold under any consider- 
ation. I make this recommendation on the general principle that it is 
a mistake for the United States to pait with real estat-e in the District 
of Columbia. Tbe work of grading Massachusetts avenue is now in 
progress, and a satisfactory agreement has been, reached with tbe Engi- 
neer Commissioner of the District whereby the grade adopted will not 
injuriously affect the Observatory grounds. The condition of the 

oogle 
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grounds and various buildiDgs is good. The appropriation of $10,000 
for the care of the grounds and extending the roads nas been expended 
in laying out new concrete paths, grading, and continuing improve- 
ment of the hitherto unimproved portions of the gi-ounds and tb^ gen- 
eral care of the property. The appropriation of $5,000 allowed this 
year will be sufficient for the care of the grounds, but very little can 
be done in the way of grading. It would, however, be inadvisable to 
continue this work until that part of Massachusetts avenue which 
touches the Observatory circle snail have been completed. 1 recom- 
mend that when this is done the whole work of laying out the grounds 
be put into the hands of a competent landscape gardener. When Mass- 
achusetts avenue becomes a tnoroughfare the Observatory grounds 
will form one of the most beautiful parks in the city of Washington, 
second only to the Soldiers' Home in extent and in picturesque beauty. 
The development of this place should be broadly planned and carried 
out so as to utilize to the utmost the great natural beauties of the 
grounds. 

The report of the Secretary of the Navy for the fiscal year ending 
June 30, 1901, recommended to Congress the acquisition of the prop- 
erty of the Industrial Home School, as a part of this property lies 
within the Observatory circle. This would necessitate the removal of 
the school to a different site, and this removal will become necessary 
before long through the extension of population into this part of the city. 
The Superintendent of the Observatory was directed by the Depart- 
ment to place himself in communication with the secretary of the 
District board of charities and to seek to reach an ^reement by which 
a proper compensation could be determined for this land. Acting in 
obedience to this order, I had several interviews with Mr. Wilson, the 
secretary of the board of charities: but I find that it will be impossi- 
ble to reach an agreement on the basis of an appraisal of the actual 
money value, and I recommend that this question be referred to a boai-d 
of appraisers. This would be the legal and regular coui-se to pursue 
and would form an official basis for an estimate of the amount of money 
required for the acquisition of this property. The school is not in 
itself detrimental or objectionable to the Observatoiy; but at the same 
time it would be highly advantageous to own the land on which it 
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Of the accessions, 288 were received as exchanges and 149 were 
purchased. 

During the year some improvements have been made by the addition 
of shelving and a partial rearrangement of the library. The librarian 
has also been engaged during the year in the perfection of a card 
catalogue. 
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PERSONNEL. 

The following changes have taken place in the personnel during the 
fiscal year: 

Lieut. Commander E, E. Hayden reported for duty on January 22, 
1902, and was assigned to the department of chronometers and time 
service. 

Mr. F. B, Littell, assistant astronomer, resigned on September 25, 

1901, and was appointed professor of mathematics, U. S. Navv, from 
September 20, 1901. Prof. F. B. Littell reported for duty September 
27, 1901. 

Mr. H. L. Rice was appointed assistant astronomer on April 15, 

1902, to succeed Mr. F. B. Littell. 

Mr. H. R. Morgan and Mr. 0. W. Frederick, probationary piece- 
work computers, received permanent appointments on September 27, 
1901. 

Miss Charlotte C. Barnum, a probationary piecework computer to 
October 6, 1901, resigned September 11, 1901. 

Mr. E. I. Yowell was promoted from piecework computer to com- 

fiuter on permanent roll on July 30, 1901, and Mr. H. R. Morgan also 
rom piecework computer to computer on permanent roll on December 
24, 1901. 

John Brockman was femporarilj- appointed a laborer July 22, 1901, 
and permanently appointed on January 23, 1902. 

V. Muehlhaus, jr., was appointed a watchman on February 7, 1902, 
to succeed J. C. Bronaugh, who died January 30, 1902. 

THE BOARD OF VISITORS. 

As noted in my last year's report, the Board of Visitors, established 
by the naval appropriation act approved March 3, 1901, met in April 
of that year, and prior to July 1 two duly constituted committees of 
the board visited the Observatory officially. This completed the total 
number of visits allowed by law during any one year. Notwithstand- 
ing this fact, the board met again in October, 1901. The report of 
the board is based upon these four meetings. As the report is another 
attack on the organization of the Observatory, it is proper that I should 
briefly review it, although any extended criticism of the report or an 
answer to the arguments adduced by the board in favor of a change of 
organization is of couree out of the question in the limits of this report. 
The board was constituted by the same act of Congress which confirmed 
the naval superintendency, an office which has been permanent at the 
Observatory ever since its foundation as a naval establishment, sixty 
years ago. The law was obHcrved in perfect good faith both by the 
Chief of the Bureau of Equipment and by the Superintendent, who 
justly regarded the board as a legally constituted branch of the organi- 
zation of the Observatory, and received the board accordingly. The 
board on the other hand, white seeking to strengthen its own position, 
has made a gratuitous attack on a part of the organization which is 
coordinate with itself by law. In doing this the board puts itself into 
the position of impugning the law by virtue of which it itself exists. 
The report of the Board of Visitors this year is in some ways a repeti- 
tion of the report of the board of 1899; tliat is to say, the whole report 
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18 colored by tbe determination of the board to overthrow, if possi- 
ble, the Daval adiDinistratioD of the Observatory, only in the present 
instance the board is a legally constituted body and its functions, 
powers, and duties are distinctly detined by law. 

The board is required to report on the efficiency with which the 
scientific work of the OViservatory is prosecuted. This the board 
failed to do. The board is also i-equired to report as respects the 
expenditures in tlie administration of the Observatory. This tbe 
board evaded with the remark that "from the manner in which the 
appropriations have been made it is not easy for the Board of Visitors 
to determine what portions of the expenditures pertain properly to 
astronomical work, what portion to naval work, and what portion to the 
improvement and care of the grounds as a park." It would have been 
easy for the boai'd to determine these questions had it taken the trouble 
to look into the matter. The wording of the various clauses of laws 
making appropriations for the Observatory is perfectly clear and can 
not be misunderstood. The appropriations are apportioned under 
various headings and subheadings, and it is not discretionary, of 
'course, with the Superintendent to divert the funds from one appro- 

{iriation to another, or to spend any money for purposes for wbicli the 
ftw does not appropriate it. In fact, it would be impossible for him 
to do so, and yet this is clearly the imputation of tbe board's language. 

Another requirement of the board, "that it shall prepare and sub- 
mit to the Secretary of tbe Navy regulations prescribing the scope of 
the astronomical and other researches of the Observatory and the duties 
of its staff with reference thereto," is really the most important func- 
tion of the board, but the board dismisses it with a few vague recom- 
mendations which show that the board took no pains whatever to 
inquire as to the status of the work of the Observatory or as to the 
policy of the Observatory in past years. As an example of the value 
of the board's recommendations it may be noted that the board, on 
page 6 of its report, says: 

As examples of special researches that might have been taken up under such a sys- 
tem may he mentioned the compariHon stare for Victoria and Sappho proposed by 
Dr. Gill in 1889, and the companson stars selected by the Aatrophotographic Confer- 
ence of 1900 for observations of Eros, 

This leaves the clear imputation that this work has not been done at 
the Observatory. In point of fact, not only have all these observa- 
tions been made, but those of the comparison stars for Victoria were 
actually made in part by a member of the Board of Visitors, then an 
assistant at the Naval Observatory. His signature occurs in the origi- 
nal record books of this work. The Observatory holds the official 
receipt of Dr. Gill, and Dr. Gill himself publicly acknowledges this 
member's share of the work. {A Determination of the Solar Parallax 
and the Mass of the Moon, by David Gill, LL. D., etc. Annais of 
Cape .Observatory, Vol. VII, p. 569.) This single example is a vivid 
illustration of the attitude of tne Board of Visitors toward the Observ- 
atory. Nor is this the only instance of the board's ignoring work 
actuali)' performexi, with a similar imputation. 

There is one more feature of the report of the Board of Visitors to 
which I desire to call the particular attention of the Bureau, Both 
the board of 1899 and the present Board of Visitors wholly ignored 
the strictly naval part of the Observatory's functions. They take no 
note whatever of tiie purchase, inspection, and distribution of nautical, 
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astronomical, and surveying instruments for the u8e of the Navy; of 
the purchase, test, and issue of chronometers; and they dismiss the 
important question of the time service with a recommendation which 
is impracticable. The board seems to seek to convey the impression 
that a great deal of money is spent at the Observatory for very inade- 
quate results, and yet in point of fact the astronomical expenses of the 
Observatory bear an insignificant ratio to the money value of the 
transactions in the departments of nautical instruments and chronome- 
ters. From a financial standpoint these two departments are far more 
important than the whole of the astronomical work combined. 

The Board of Visitors assumes to represent the opinion of the 
astronomers of the country. It may be conceded that a.stronomers as 
such might have a right to be heard as to the affairs of the Government 
Observatory. Not only that, the Observatory would encourage such 
a claim. But in order to advance it the attitude should be one of sym- 
pathy and encouragement. A movement on the part of the astron- 
omers to promote scientific efficiency would be met more than half 
way; but to hamper the Superintendent in the execution of the duties of 
a purely administrative office and in his efforts to maintain order, sys- 
tem, and discipline (without which no human institution can succeed), 
to promote discontent and discord within, to stir up animosity without, 
to suppress facts, evade duties imposed by law, impugn the law itself, 
so color an official report that nothing creditable shall appear even to 
the extent of direct imputations contrary to known fact, calculated to 
excite prejudice and convey a false impression, and, finally, to seek to 
promote discord and inefficiency in order to prove that they exist — 
such an attitude is an abrogation of any claim to interest which might 
otherwise exist. Under the circumstances the refusal of Congress to 
provide for the expenses of the board during the fiscal year 1902-3 can 
not be considered a loss to the growing efficiency of the Observatory. 
I am, sir, your obedient servant, 

C. H. Davis, 
Captain^. 8. Nam), 
Superintendent of the JVa/val Observatory . 

The Chief op the Bureau of Equipment, 

Navy Departm.ent. 



THE DIVISION OF MERIDIAN OBSERVATIONS. 

Sib: The work on the 9-inch transit circle from July 1 to 30, 1901, 
was in charge of Assistant Astronomer Theo I. King. For conven- 
ience of reference the observations taken during this period are included 
in the schedule of the sun, moon, and planet observations. 

The division of meridian observations, including the 9-inch transit 
circle, the 6-inch transit circle, and the clock vault, was organized by 
the Superintendent July 30, 1901. 

A8TRONOMI8CHE GBSELLSCHAFT ZONE, —13° 50' to —18° 10'. 
[In charge of Prof. A. N. Skinner, U. S. Navy.] 

The few observations necessary to complete the Astronomische 
Gesellschaft Zone have been made by me. The journal of these zone 
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observationa, with the star positions reduced to 1900, has been printed 
during the year and was ready for distribution July 1, 1902. This 
work constitutes Volume II, Publications of the United States Naval 
Observatory, Second Series. 

The work remaining to be done on this zone is the collation of the 
catalogue, the discussions therein involved, and the comparison of the 
results with other authorities. During the past year 1 have devoted 
a part of my time to this work, as the computing force has been 
wholly occupied in proof reading and other urgent work. 

The number of observations made during the year is as follows: 

Zone stars - 32 

Zero stars 23 

Total 55 

SUN, MOON, AND PLANET WORK. 

[In charge of Prof. F. B. LitteU, U. S. Navy.] 

The sun, moon, and planet work was continued on the 9-inch transit 
circle until October 24, 1901, when this instrument was put out of use 
for repaii-s. On October 25, 1901, this work was transferred to the 
6-inch transit circle. 

The plan has been to have the work carried on at any one time by 
three observers. The following have been employed as observers at 
various times during the year: Prof. A. N. Skinner, U. S. Navy; Prof. 
F. B. Littell, U. S. Navy; Assistant Astronomer H. L. Rice, Com- 
puter E. A. Boeger, Computer W. M. Brown, Computer E. I. Yowell. 

The number ot observations from July 1, 1901, to June 30, 1902, is 
as follows: 

Ephemerie stars 1,933 

Sun 144 

Moon 160 

Mercury 74 

Venua 121 

Jupiter 13 

Saturn 11 

Uranus 9 

Neptune 11 

MiacellaneouB stars 19 

Thread interval stars 24 

Total 2,509 

STAR WORK, 
fin charge oi Prof. Mtlton Upde«rali, C. S. Kayy.] 

The ti-ansfer of the sun, moon, and planet work to the 6-inch transit 
circle necessarily confined the general star work to the intervals when 
the instrument was not tn use by Professor Littell and his assistants. 

The subjects of observation during the j'ear were the following: 

From October 18 to 23, 1901, 194 observations of stars from (jtill's 
Catalogue of 2,798 ilodiacal Stars. 

Beginning with November, observations on Newcomb's Catalogue of 
Fundamental Stars. 

From February 6, observations of certain comparison stars selected 
by Gill for heliometer observations of the planets. 
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The number of observations of stars made is 3,588, of which 2,837 
were made by Professor Updegraff, assisted by Mr. J. C. Hammond, 
computer, and 751 by Mr. Hammond, assisted by Mr. C. W. Frederick, 
miscellaneous computer. 

ObHTvaiions of stars. 

Clock stare 480 

Stars of Newcomb's Fundamental Catalogue., 1,840 

Zodiacal stars 558 

Circumpolar stare 161 

Screen stars for peraonat equation 165 

Stars observed for i)ersonal equation due to position of observer 169 

Stare observed for various purposes 215 

Total 3,588 

DflerminatUmt of metrvmenhU ctmitanlt. 

Azimuth of meridian mark , 201 

Azimuth of instrument from mark 539 

Level (by spirit level) 368 

Level (by observations over mercury) 126 

Collimation , 229 

Nadir point. Circle A 248 

Nadir point, Circle B 253 

Runs of microscopes 120 

Total 2,084 

CONDmON OP THE APPABATD8. 

The 9-inch transit circle. — Certain very material changes, repairs, 
and improvements were found necessary on this instrument. Among 
the more important were the following: 

The introduction of centra! field illumination. 

New journals for the counterpoise rollers. 

Knife-edge fulcrums for the counterpoise levers. 

New pivots. 

A new telescope micrometer. 

These repairs were entered upon by Mr. G. N. SaegmuUer on 
November 29, 1901, and are now in progress. 

The 6-inch transit circle. — This instrument, which had been dis- 
mounted to receive certain changes and improvements under the 
sujjerintendence of Professor Updegratf, who had made a special study 
of it, was remounted on the new brick piers in October, 1901. 

As a result of the changes which have been effected, the constants 
of this instrument have been stable to a satisfactory degree. 

The circles, which were regraduated during August and Septem- 
ber by Messrs. Warner & Swasey, were received on September 30, 
1901. The sharpness and regularity in form of the divisions have 
been greatly improved. 

The amount that the north meridian mark is out of focus has been 
measured at various temperatures, ranging from -|-18'^ to +84° F., 
and has been found to be about 4^ feet at all temperatures. 

The correction of this error in the position of this mark, together 
with the completion of the work of fitting the auxiliary microscopes 
for use in the determination of division errors, has been deferred by 
the Superintendent until after the remounting of the 9-inch transit 
circle. 

,, ii.Gooc^lc 



14 UKITED STATES NAVAL OBBERVATOBY. 

CLOCK VAULT. 

[In charge of Prof. Stilton Updegnifl, U. S. Kavy.] 

The sidereal clock Howard No. 404 was mounted in the clock vault 
on October 16, 1901, 

The average deviation of the daily rates from the mean rate for 
periods of three or four weeks has been about 0'.03, while formerly, 
when mounted in the clock room and subject to great changes of 
temperature, the deviation of the daily rates was about six times as 
large. The temperature coefficient of this clock was determined dur- 
ing January and February, 1902, and found to be about 0'.06 per degree 
Fahrenheit. At the end of the year this clock showed evidence of 
need of cleaning and oiling. 

The KesseJ's clock mounted in a copper case also shows a need of 
cleaning and oiling. 

An air-tight case made for the Howard clock No. 404 by Mr. G. N. 
SaegmuUer, of Washington, has been delivered at the Observatory, 
but nas not yet been brought into use. 

The thermostat, with electrical connections for controlling the gas 
stove which warms the clock vault, needs some improvement to secure 
a constant temperature in the vault. 

BEMARKS ON THE REPORT OF THE BOARD 6f VISITORS. 

Near the bottom of page 5 of the Report of the Board of Visitora for 
1901 is given a provisional plan for meridian work. This plan is not 
accompanied by any statement concerning the existing work of the 
Observator}'. To avoid a natural misapprehension owing t« the absence 
of such a statement, attention is called to Volume I, Publications of the 
United States Naval Observatory, Second Series, Transit Circle Obser- 
vations of the Sun, Moon, Planets, and Miscellaneous Stars, 1894^ 
1899, 423 pages, quarto. Attention is also called to the fact that the 
current meriaian work of the Observatory substantially cares for 
everytiiing in the plan above noted in the Board of Visitors' report. 
In the same connection I quote the following paragi-aph: 
As examples of special researches that might hav^ been taken up under euch a 



A reference to our published volumes shows that Gill's Victoria and 
Sappho stars of 1889 were observed during that year at the Naval 
Observatory. Also a very slight investigation of the current work of 
the Observatory would have informed the Board of Visitors that Eroa 
and its comparison stars had received Very complete attention by 
numerous observations on three instruments of the Observatory. 
These observations fill over 200 pages of Volume III, Publications of 
the United States Naval Observatory, Second Series, now in press. 
Respectfully submitted, 

A. N. Skinner, 
Professor of Mathematics ^i U. S. Nm-y, 

In charge of Division. 

The SUFBEINTENDENT OF THE NaVAL ObSEKVATOKT. 
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THE 26-INCH EQUATORIAL. 

Sir: I have the honor to submit the following report on the work, 
of the 26-iDch equatorial: 

During the year which has just closed this instrument has been 
devoted to the same general lines of work as in former years. Conti- 
nuity in the observations of the satellites of Saturn and Uranus is thus 
preserved, and some distinctly new lines of work have been added in 
the measurement of diameters of the planets and satellites by daylight, 
intended pritDarily for eliminating the effects of irradiation. A 
thorough investigation of the. micrometer screw has also been carried 
out and a temperature coefficient established which will make possible 
the most refined measurements, as in researches on the orbits of the 
satellites and masses of the planets and on the parallax of the fixed 
stars. 

I. STATE OF THE INSTRUMENT. 

The satisfactory condition of the instrument noted in the last annual 
report has been still further improved by the addition of a set of con- 
tact rings for conveying theelectric currents from the pier to the eye end 
of the telescope. These were designed by Mr. W. Walter Dinwiddie 
and constructed by Mr. M. E. Kahler, of Washington. Each ring has 
five conductors, making it possible to have four independent circuits. 
The ring about the polar axis is attached to the right ascension clamp 
ring and turns with the axis, while ita brush is fastened to the ease of 
the worm screw. The other ring is fastened to the declination sleeve 
and its brush U) the declination clamp ring. The brushes have five 
conductors separately insulated to correspond to the nujnber of con- 
ductors on the rings. Each conductor of the brush has four contact 
pins, and each pin is pressed against the ring by a separate spring, 
making it impossible for a particle of dust on the ring to interrupt the 
circuit. This part of the device is a marked improvement on the ^t 
springs heretofore used. In addition to the labor of putting them on, 
which was done at the Observatory, the cost of the rings and brushes 
for this instrument was only about 8T0, an expense so inconsiderable 
that the device may be recommended for large equatorials generally. 
The Leander McCormick Observatory of the University of Virginia 
has recently been equipped with this apparatus from designs supplied 
by Mr. Dinwiddie. A 6-inch Dallmeyer portrait lens of 40 inches focal 
length has been mounted on the middle of the telescope tube opposite 
the declination axis. The camera is adapted for 4 by 5 plates and 
may be found useful in asteroid and comet work. With this form of 
mounting no flexure can be detected, even in the longest exposures. 
The elevating floor continues to perform well, and all the delicate 
machinery of the instrument is in excellent condition. 

II. VALUE OF A REVOLUTION OP THE MICROMETER SCREW. 

The observations of Eros for the solar parallax made in 1900-1901 
necessitated a very thorough investigation of the value of the micro- 
meter screw. On several accounts this could not be finished during 
the period immediately following the opposition of Eros, and accord- 
ingly the scope of the investigation has been greatly extended and 
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With a view of finding the 
I ID temperature, twelve long 



the work completed during the past year 
coefficient depending on seasonal changes 

arcs in the Pleiades and two in Perseus were chosen for measurement 
during the summer and winter, respectively, and the observations car- 
ried out uudei' as uniform conditions as practicable, with a large differ- 
ence in the average temperatures of the two seasons. A detailed 
statement of these results will be given in the observations of Eros, 
soon to appear in Part I of Volume III, Publications of the United 
States Naval Observatory, Second Series, but for the present report 
the general character of the investigation may be sufficientlj' inferred 
from the following summary: 
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The mean temperature for the summer work was 73'^. 5 F., while at 
the winter season it fell to 28°,6 F. The weights are proportional to 
the square roots of the lengths of the arcs, multiplied by the number 
of independent measurements. The difference in the value of the 
screw between winter and summer is +0".0034. This corresponds to 
a change of tempei-ature of 44° F. Our general formula for the value 
of a revolution of the micrometer screw is therefore — 

R^ 9". 9304-1- (0". 000055) (72°-T.) (for summer work); or 

R^ 9". 9328- (0". 000055) {1-28°) {for winter work). 

The mean focal length of the object glass is 389.66±0.05 inch 
(Wash. Obs., 1877, App. I, p. 11). Under the variations of temper- 
ature, depending upon the seasons, this focal leno+h has been found to 
change relative to that of the steel tube, lengthening in summer and 
shoi-tening in winter, the amount of the alteration being 0.095ih0.012 
inch. This is 1:4101 of the total focal length, and from this cause the 
revolution of the screw would change by 0".(H)24±0".0003, Accord- 
ingly we reach the remarkable result that the change in the valu^of 
the screw deduced from the measurement of the fixed stars in summer 
and in winter, respectively, is due wholly to change of focal length of 
the objective relative to the tube. It appears that the coefficient of 
expansion of the tube and of the screware practically identical, so that 
the proportions of the triangle formed by any two points on the axis 
of the screw and the center of the object glass are constant throughout 
the year, and no change in the value of a revolution occurs except for 
the change in the adjustment of focus. It should be stated that the 
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two ends of the tube are aiade of sheet steel, joined to a central section 
of gun metal, 36.25 inches in length. As thus constituted the tube as 
a whole and the screw have sensibly the same coefficients of expansion. 
Mr. C. W. Frederick, formerly miscellaneous computer, now assistant 
on the great equatorial, has rendered impoilant assistance in the reduc- 
tion of the measurements discussed above. 

m. MEASUREMENT OP THE DIAMETElfs OF THE PLANETS AND 
SATELLITES. 

The series of measures of the diameters of the planets and {Satellites 
noted in the last annual report has been continued, and the usual 
observations by night have been supplemented by an extensive series 
of measures by daylight designed to afford the means of eliminating 
the effects of irradiation. It is well known that this cause renders the 
apparent diametere of the planets as seen in the telescope at night 
sensibly larger than their natural size, and yet no entirely satisfactory 
method for eliminating the irradiation has ever come into use among 
astronomers. The method developed here last year is a purely empir- 
ical one, depending on the difference between the diameter found by 
night when the planet is enlarged by irradiation and that found by 
daylight, when the pale disk is projected against a bright sky. As 
seen under suitable illumination by daylight the disk of a planet 
appears faint but perfectly definite, and when the seeing is quiescent 
and the light of just the rij^ht intensity the limb is singularly sharp, 
so that the most precise measures may be made. The best time of day 
for taking these observations is just before the setting of the sun, 
when the atmospheric currents have ceased to ascend from the heat of 
the day and have not yet begun to descend fi-om the cooling effect 
which follows the advance ot night. In the work on Mercuiy and 
Venus good seeing was sometimes had in the forenoon and also in the 
afternoon. About suniise.is also an available time for measuring by 
daj'light, but the seeing of the early morning is usually inferior to 
that at sunset on account of the currents which usually trouble the 
atmosphere when it is tirst illuminated by the rays of the I'ising sun. 

Jupiter. — A series of measures of the equatorial diameter of this 
planet taken just before the setting of the sun gives a mean value of 
37".616±0".01-i. The uncertainty attaching to fliis ^-alue is probably 
about one one-thousandth of the whole. The diameter of Jupiter 
deduced here during the opposition of 1900 from measurements taken 
at night was 38".4l.ll. This diameter accords very closely with those 
of other standard observers, and maybe accepted as giving the dimen- 
sions of the planet when enlarged by irradiation. The difference of 
0".755±0".040 is the irradiation constant, and is so considerable a 
quantity that it can not be neglected in future observations of the 
diameters of the planets. 

Saturn. — During the past autumn a series of 82 measures of the 
equatorial diameter of Saturn was secured just before sunset, leading 
to a mean value of 17".240±0".006. As Saturn is considerably fainter 
than Jupiter, the micrometer settings had to be timed by the observer's 
judgment as to the moment when the illumination of the sky had 
attamed the proper intensity. By a little experience it was found 
that this could ))e done with perfect success. It is difficult to under- 
stand how the resulting mean diameter can remain uncertain by more 
13768—02 2 
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than 0".02, or 1 : 8t>2 part of the whole. A parallel series of 38 sets of 
diameters was also taken by night under conditions of perfect seeing, 
the mean yielding a value of 17".80-l:±0".0ll. These independent 
results indicate that the irradiation constant for Saturn is 0".56. 
Some observations were also taken on the rings by daylight with a 
view of finding their constants of irradiation. The outcome of these 
measures is indicated in the following table: 



InlemaldUmeltr' 



Width of the Inner ve 

Width olCutBinl'BinviMon 

»1 diameter of central ring. . , 



Intenul dlam^er of central ling, or external diameter of ilDSky ring... 



ResulUng mean density of the planet . . . 



Uranus. — A series of 30 measures of the diameter of Uranus made 
under favorable conditions during the opposition of 11*01 led to a diam- 
eter of 3".46. A series of 13 diameter measures of the planet by 
daylight, taken immediately after the setting of the sun, when the 
illumination of the sky had the retjuisite intensity for counteracting 
the iiTadiation without enci-oaching upon the disk, gave a value 
of 3".07. The resulting constant of irradiation of Uranus is 0".39, 
Using a diameter of 3 .07 the resulting .specific gravity of Uranus 
is 2.09, nearly twice that given in many standard works on astionomy. 
According to observations made here last year the irradiation con- 
stant for Mars (0".76) was then almost exat^tly the same as that of 
Jupiter {0".75). As the orbit of Mars is quite eccentric this constant 
will vary from about 0".70, when Mars is m aphelion, to 1".02, when 
in perihelion. It is therefore not to be expected that obsei vers of the 
planet at different epochs who take no account of irradiation would 
obtain consistent values of the diameter. It is well known that on the 
average the limb of Mars is somewhat brighter than that of Jupiter. 
The mean value of its irradiation is 0".86, which agrees well with that 
of Jupiter (0 ".75). It may also be observed that the values deduced 
for the planets Saturn {0".6fi) and Uranus (0".39) accord well with their 
respective brightnesses. So far as I am aware, the law of the varia- 
tion of irradiation with brightness has never been accurately deter- 
mined. Probably for changes which are not too great, a law of strict 
Eroportionality to brightness may be assumed. Proceeding upon this 
ypothesis 1 have adopted the following preliminary table of diameters 
of the planets of the solar system. Their resulting densities are also 
added for convenience of reference: 



3y Google 



UNITED STATES NAVAL OBSEKVATORY. 



,,„... 


I. Dlampterby 
night. 


"SS 


■?i;r"- 


IiradlfliiOD. 


(II- Dl- 
Denflity, 




6.30 


2.893* 
7,732 

4,572 
88,079 

2»;949 
■29, «» 


16.80 


7.670 


{0.72 


834 


3.00 
2129 


Venus'^ 






9,30 
37.6fi 

a! 07 


1.190 
88,810 

27,190 


r 0.38" 

s-i 

0:20 


382 
l.JM 

3'S71 
2; 719 













le telescope Is the larger vt 



During the past year further measures were made on the diameters 
of Jupiter's satellites, and of Titan, the principal satellite of Saturn. 
The princripal results were: 
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Using the masses of these satellites adopted by the late Pi'of. J. C, 
Adams, the resulting densities are: 
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If the simple mean of these numbers be taken, we shall find a spe- 
cific gravity of 2.4!), which is about the same as that of the matter 
composing the crust of the earth. But if the satellites be given weight 
proportional to their volumes, the resulting average specific gravity of 
all the matter composing the four satellites is 1.78, in almost exact 
accord with the density of Titan, which with amass of 1:4700, as found 
by Hill and H. Struve, comes out 1,79. This close agreement is of 
course accidental, yet I think the provability is considerable that the 
densities now found for these satellites do not depart widely from the 
truth. 

Msrcury. — A series of 38 determination.^ of the diameter of this diffi- 
cult planet taken May 30, June 1, and June 3, 1902, when the appar- 
ent diameter ranged from 8" to 9", give a mean value of 6".160 at 
distance unity. During these mea-sures the cusps were shai-per than 
in the long series of measures taken last year, and of course the appar- 
ent diameter was also larger; yet the observations confirm those of 
last year in indicating that the diameter of Mercury is smaller than 
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heretofore supposed. Some further work on this difficult planet is in 
contemplation, but it must be deferred until the conditions are quite 
favorable, in order to be of decided value. 

IV. 0B8EKVATI0NS OF THE SATELLITES. 

The series of observations of the satellites noted in the last annual 
report has been extended, and the programme of work arranged so as 
to include all the satellites of Saturn and Uranus. 

Satellites of Saturn. — A lon^ series of measures of the^e objects 
taken in pairs by Prof. Hermann Struve's methods has been secured. 
During the opposition of 1901 — 

lapetus — Titan were measured on 55 nights. 

Hyperion — Titan were measured on 33 nighb*. 

Titan-Khea were measured on 66 nights. 

Dione-Tethys were measured on 64 nights. 

Tethys-Enceladus were measured on 52 nights. 
Observations were resumed April 30, 1902, and up to June 30 the 
following observations had been secured: 

lapetus-Titan on 20 nights. 

Hyperion-Titan on 10 nights. 

Titan-Rhea on 23 nights. 

Dione-Tethys on 33 nights. 

Tethys-Enceladus on 16 nights. 

Tethys-Mimas on 6 nights. 
Thus the total number of measures during the fiscal year were — 

lapetus-Titan on o3 nights. 

Hyperion-Titan on 32 nights. 

Titan-Khea on 61 nights. 

Dione-Tethjs on 61 nights. 

Tethys-Enceladus on 49 nights. 

Tetbys-Mimas on 6 nights, 
With the exception of Mimas and Hyperion, these satellites are com- 
paratively easy ODJects. Hyperion ih always difficult, except when the 
sky is very clear and the moon is dark, and it is generally advisable to 
put the planet out of the field when making the measures. Mimas is 
so faint, as seen in the mass of light which surround the rings, that it 
comes out clearly only when the seeing is quite steady. The impor- 
tance of making a good series of measures of this tiny object with a 
view of redetermining the oblateness of Saturn from the motion of 
the perisaturnium of Mimas justifies the attention which has been paid 
to it during the present opposition, but up to June 30 the weather has 
been so unfavoi-able that only a few measures have been secured. It 
may, however, be expected that the middle and latter half of the oppo- 
sion will yield ample results for the determination of the elements, as 
the obsen'cr's experience in recognizing this difficult object will now 
enable him to utilize every good night to advantage in obtaining sevei-al 
sets of measures while the satellite is passing elongation. 

Satdlitea of Uranus, — ^These objects wei-e measured regularly on all 
available clear nights. It was found that the two inner satellites, 
Ariel and UmbrieT, although within the grasp of the telescope, were 
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yet so faint that they can not be advantageously observed in the present 
position of the planet. During the oppot^ition of 1901 the following 
measures were obtained: 

Oberon on 41 nights. 

'Htania on 41 nights. 

Oberon-Titania on 41 nights. 

Umbriel on 15 nights. 

Ariel on IS nights. 
Up to June 30, 1902, the following observations have been secured: 

Oberon on 31 nights. 
Titania on 25 nights, 
Oberon-Titauia on 31 nights. 
During the fiscal year 1901-2 the following observations were made: 
Oberon on 39 nights. 
Titania on 39 nights. 
Oberon-Titania on 39 nights. 
Umbriel on 8 nights. 
Ariel on 11 nights. 

V, MISCELLANEOUS OBSERVATIONS. 

During the past year only a liniit3d number of double stars have 
been observed; in all about 107 observations of paii-s, selected mostly 
from the lists of Burnham and Struve. Measures were also made of 
the faint companions of Sirius and Procyon. With the increase of 
force now attached to the instrument the hope is entertained of extend- 
ing the double-star work considerably durine the coming year. Three 
observations have been made of the asteroid Minerva (93) and two of 
Chicago (334). The observations of the latter were made by Mr. Din- 
widdie; those of the foniier by Mr. Dinwiddle and Mr. H. R. Morgan, 
computer. Two observations of Encke's comet were also secured; one 
by myself, the other by Mr. Dinwiddle. 

VI. PUBLICATIONS. 

Dunng the year 1901-2, the following publications relating to the 
work of the great equatorial have been issued: 

1. Researches on the Diameter of Mercuiy, (Astronomische Nach- 
richten, No. 3737.) 

2. On the Probable Mass and Density of Mercury, and on the Gen- 
eral Principles Governing the Densities of the Four Inner Planets. 
(Asti-onomisehe Nachrichten, No. 3743.) 

3. Preliminary Investigation of the Diameter of Mars (observations 
by davlight). (Astronomische Nachrichten, No. 3750.) 

4. Researches on the Diameter of Jupiter (observations by daylight), 
(Astronomische Nachrichten, No. 3757.) 

5. Observations of the Diameters of the Satellites of Jupiter and of 
Titan, the principal satellite of Saturn (observations by daylight). 
(Astronomische Nachrichten, No. 3764.) 

6. Micrometrical Measures of the Equatorial Diameter of Saturn 
and of his system of rings (observations bv dayhght). (Astronomische 
Nachrichten, No. 3T68.) 
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7. MicTOmetrical Measures of the Diameter of Uranus (observations 
by daylight). (Astronomiaehe Nacbriehten, No. 376H.) 

8. Observations of (26) Proserpina, by George K. Lawton. (Astro- 
nomische Nachrichten, No. 3786.) 

9. A device for conducting electric circuits to the eye end of an 
equatorial telescope, by W. Walter Dinwiddie. (Popular Astronomy, 
June, 1902.) 

The measures of the satellites during the opposition of 1901 have 
been properly reduced and communicated to the Astro nomische 
Nachrichten tor publication. 

The observations of Eros for the parallax of the sun made during 
the opposition of 1900-1901, designed for Part 1 of Volume III, Publi- 
cations of the United States Naval Observatory, Second Series, is in 
tvpe and will probably be issued before the end of the present calen- 
dar j'ear. 

VII, PERSONNEL. 

The personnel of the instrument during the past year has been aa 
follows: 

T. J. J. See, professoi' of mathematics, U. S. Navy, astranomer in 
charge. 

W7 Walter Dinwiddie, assistant on the great equatorial. 

Gustave HaiTison, laborer. 

I would fail in a plain duty if I did not commend the meritorious 
services of Mr, Harrison to the Superintendent's consideration. 
Among the Observatory employees I Itnow of none more deserving of 
promotion, and accordingly an appropriate advancement for him is 
strongly recommended. 

On July 1, 1902, Mr. Dinwiddie was transferred, by examination 
held thi-ough the Civil Service Commission, to be assistant in spectro- 
scopic work, and Mr, C. W. Frederick, miscellaneous computer, 
appointed assistant on the great equatorial. This rearrangement will 
give Mr. Dinwiddie somewhat greater facility for studying certain 
physical problems, and it has also the important effect of supplying 
an adequate working force to the instrument for the iirat time in its 
history. 

It is hoped that during the coming year this enlarged observing 
force will permit of mote extensive measurement of double stars, 
besides some astrophysical work which may be advantageously under- 
taken. I also contemplate entering upon some researches on stellar 
parallax, but it is not probable that these new investigations can be 
begun during the coming year on account of the attention which for 
the present Siould continue to be given to the satellites of Saturn and 
Uranus. , 

In concluding this report, it docs not seem inappropriate to invit* 
the attention of the Superintendent to the important results achieved 
with this instrument duiing the past three yeai-s. It is noticeable, 
however, that the report of the Board of Visitors for the year 1901 
made no mention of anj' work with the great equatorial. Will any 
one believe that this omission was accidental, or that it was ai>tuated 
by a sincere desire to do justice to the scientific status of the Observa- 
tory? 

The law specifically required a detailed report upon the activity of 
every instrument, and as perfect silence is maintamed regai-ding the 
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activity of the equatorial, the aforesaid report, if believed, might 
make the impression upon the Secretary of the Navv, or upon the 
President and Con^rress, that the equatorial i^ pra*'tically idle. Fortu- 
nately, the proceedings of the board were so clearlj' illegal, and their 
aims so transparent, that the report commanded no confidence among 
intelligent persons, either in public or in private life. 
Respectfullv, 

T. J. .1. See,^ 
Profess"}' of Math.eifMtiv», U. S. Navy^ 

In charge 26-{7ich Equatorial. 

The SUPKEINTENDENT OF THE NaVAL OBSERVATORY. 



THE PRIME VERTICAL TRANSIT AND THE 5-lNCH ALT-AZIMUTH. 

Sir: For the year ending June 30, 1902, the following is respect- 
fully submitted as the report upon the astronomical observations made 
and the condition of the instruments in my department. 

During the year I made with the two instruments 964 determina- 
tions of the places of stars. 

PRIME VERTICAL TRANSIT. 

On the 28th of July, 1902, 1 will have completed with the prime 
vertical transit nine years of continuous obser\'ations of selected zenith 
stars for the purpose of obtaining corrections to the aberration and 
the nutation constants, and also the variation of latitude. 

From the commencement of the series the stars of which positions 
have been observed are relatively bright, since the. problem demands 
observations by day as well as by night. As it ha.s been shown that 
a personal equation, depending upon magnitude, exists in all transit 
observations made in the meiidian, I have thought it desirable to 
determine my personal equation with an instrument used out of the 
meridian. 

In liis discussion of the places of the comparison stars for Victoria 
in 1889, Dr. Auwers assigns, in the case of transits obseiTed in the 
meridian at this Observatory, a personal equation of — 0'.023 (M-8.0), 
in which M is the magnitude of the star observed. 

I have not thought it expedient to use a screen before the object 
glass in observing the bright stare, from the .liability of introducing 
systematic errors into the derived declinations. 

To prepare a method \^y which my personal equation might be 
obtained, I selected from the Potsdam and Han'ard photometric cata- 
logues all stars situated between declinations +37^ and +37° 55', 
aod from the brighest down to the 7.9 magnitude. The latter is about 
the limit for observations with a bright lield illumination for a glass 
of the size of the prime vertical transit. 

There are about 392 stars in the list selected. The plan is to secure 
five observations of each star. At this date, of the 2,000 observations 
to be made, about 86 per cent are finished. The whole series will be 
completed some time next December. The largest gaps are within 
the region from 4 hours to 9 hours, K. A., and these were caused by 
the continued cloudy weather in the early spring. 
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Assuming that the level of the instruoient is zero, and that the 
instrument is in the prime vertical, the declination is deteimined bv 
the formula, tan S = tan q> cos h. Or, if the latitude is desired, it 
may be found from the formula tan <p = tan S- sec h, in which 3, tp^ 
and h are, respectively, the declination, latitude, and hour angle. 

If in the second equation is substituted th« definitive place of each 
star and the resulting latitudes are ari-anged in order of magnitude of 
the objects observed, then the values depending on the brighter stars 
should differ from those depending on the fainter ones, if 1 have a 
personal equation depending upon magnitude. 

As soon as the observations are finished they will be discussed for 
the purpo.5e above indicated. 

The star places secured will also be formed into a catalogue and pub- 
lished. It will be the first catalogue of an extensive list of stars ever 
observed in this country with the prime vertical transit. The posi- 
tions will also be fundamental, for they will be reduced with a value of 
the latitude obtained from obsen^ations made with the vertical circle 
of close cireuaipolars ahove and below the pole: 

In addition to my continuation of the investigation of the fonti of 
the pivots of the prime vertical transit with the level, mention of which 
was made in my last annual report, I have also made an extensive 
series of measurements of their relative size and fomi with the aid of 
a spherometer-ealiper. The results and conclusions derived therefrom 
will be given in the introduction to the volume devoted to the prime 
vertical observations. 

The reductions of the prime vertical observations from 1893 to 1899, 
inclusive, are now being checked. 

The individual observations of all prime veitical transits have been 
transcribed .upon reduction sheets up to October, 1901, 

5-I^"CH ALT-AZIMUTH. 

I have continued to observe with this instrument, used as a vertical 
circle, a list of stars selected from those recommended by the Paris 
conference for early obsen'ation, and which appear to need attention 
to improve their places as printed in the American Ephemeris. About 
1,300 obsei-vations with tnat instrument have been accumulated, of 
which about 50 per cent are reduced. At present it has been neces- 
sary to suspend the complete reduction of the observations, because 
.the flexure of the instniment must be applied to the I'esults, and its 
value can not be determined until cotlimator.s are placed in position. 

The continued experience with the instrument has suggested several 
small improvements, one of which was to place small pieces of ground 
glass between the circle and the source of the illumination, so as to 
diS'use the light when it strikes the divisions. 

During the year an investigation of the division errors of the circle 
has been in progress, and a great many microscope readings for their 
determination have been accumulated. 

AZIMUTH MARK FOR THE PRIME VERTICAL TRANSIT. 

Orders have been given for the construction of an azimuth mark, a 
lens of 300 feet focus, and its bracket. The houses to cover the lens 
and the mark are in process of construction. This apparatus will 
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sene a double purpose. In addition to giving the azimuth of the 
instrument before and after au observation it will alwo furnish the 
collimation. 

AI,T-AZIMUTH HOUSE. 

In another eonimunieation I have Hubmitted an estimate for a build- 
ing for the alt-azimuth, a structure that is verv much needed. The 
present house is a mere temporary one, and is ill suited for an instni- 
ment of such high grade. If the estimate is approved and Congress 
grants the appropriation, it ip; my intention to submit plana ft>r a 
building so made that when the instrument is in use it will be practi- 
cally in the open air. 

A REMARK OS THE REPORT OF THE BOARD OP VISITORS. 

I am constrained to call the attention of the Superintendent to the 
senond paragraph on page tJ of the Report of the lioard of Visitors for 
the year 1901. One n-no is not conversant with the facts and who 
reads that jjai-agraph might, from its wording, believe the board is 
recommending a plan of work for the instniments under my charge 
that is t-ome thing new. 

In 1S93, just after I was assigned to duty on the prime vertical 
transit, a meeting was held in your office, at which were present the 
Superintendent, the senior professor of mathematics, and myself. 
After a thorough discussion of the question of what line of observing 
should' be assigned to the instrument it was decided to observe 
through a complete revolution of the moon's node a list of selected 
zenith sfara. As I stated in the first part of my icport, practically 
the work of nine years, or half of the interval for the series, is now 
finished, and the statement of the Board of Visitors almve mentioned 
is shnply a recommendation to do what was inaugumted by direction 
of the Superintendent nearly a decade ago. 

During the vear I remained at the Obser^'atorv all night on 173 
occasions. This was necessitated by the work coming either at a late 
hour of the night or early in the morning, soon after daylight. 

The following paper, relative to the work of the prime vertical 
transit, appeared auring the ye«r: Latitude and the Variation of Lat- 
itude Determined with the Prime VerticalTransit at the Naval Obsei'v- 
atory. (Astronomical Journal, Xo. 50;i.) 
Very respectfully, 

Geo. a. Hii.1,. 
AHtilftant Astrmiomer in Charge. 

The SUPEEINTENDENT OF THE NaVAL ObSERVATOKY. 



THE 12-INCH EQUATORIAL AND COMET SEEKERS. 

Sir: I have the honor to submit the following report concerning the 
12-inch equatorial and comet seekers foi' the twelve months ending 
June 30, 1902: 

I was enabled to give my undivided attention to these instruments 
after being relieved July 30, 1901, from the charge of the U-inch 
transit circle and of the computing division, which had been assigned 
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to me on account of the absence of their chiefs with the eclipse expe- 
dition to Sumatra. The instruments have been put in lirst-elass oider 
and are doing satisfactory work. The only criticisms which I desire 
to note affect the driving clock of the equatorial and its positive eye- 
pieces; the driving clock is very unsteady, as the mechanism moves 
too heavily. 

The use of the equatorial for visitors has been continued throughout 
the period, 1,208 persons having i:>een entertained on 56 nights. A 
large numher of occultations have been attempted during the year, and 
considerable progress haj* Ijeen made in preparing elaborate tables, by 
which the time required for computing the predictions and results of 
these phenomena may be materially abbreviated. A series of micro- 
metric measures of the distances between the satellites of Jupiter is 
in progress. A few observations have been talten of faint stars within 
the limits of the zone observed on the 9-inch transit circle for the 
Astronomisehe Gesellschaft, while a few more are still required to 
complete this part of that labor. 

The 5-inch comet seeker has been employed by Photogmpher 
George H. Peters since November 5, 1901, during which time he has 
devoted a portion of 46 nights to the search for comets. Prior to thei 
date named I had given 9 nights to that task, and Mr. C. W. Fred- 
erick 2. 

Observations for Leonids were made by naked eye November 13, 
14, and 15, 1901, in which I had the valuable cooperation of Prof. 
F. B. Littell, Computer E. I. Yowell, and Computer H. R. Morgan. 
One hundred and iifty-three Leonids were counted, and a careful 
estimate of the position of the radiant placed it very hear to 15 (H.) 
Leonis, in approximate right ascension 9" 57™, approximate declina- 
tion+22i°.. The results were published in the Astronomical Journal 
(Boston), No. 512. 

Two asteroids, Eurynome and Parthenope, were observed at their 
oppositions by Computer John C. Hammond, the former six times and 
tne latter twice. I have had a small amount of assistance in observ- 
ing from other volunteers, but the tasks available for tie telescope 
would profitably employ two regular observers. The constants of 
the instrument have been carefully determined at different times. 

In addition to the duties arising frqm my own department 1 have 
joined with Professor Eichelberger in examining, assorting, and 
.indexing the past records and computations of the Observatorv as far 
as wo have been able to find them. Those of value have l>een disposed 
in large wooden eases, specially designed with reference to their 
contents. 

The double star measures made b}- Computer E. A. Boeger with the 
12-inch equatorial during 1900 have been published in the Astronom- 
ical Journal (Boston), No. 522. 
Very respectfully, 

Theo I. KiKG, 
Assistant AHtroiiomer in Charge. 

The SUPEBINTENDENT OF THE NavAL ObSKRVATORT. 
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THE 40-FOOT PHOTO HELIOGRAPH. 

Sm: During the year eudinff June 30, 1902, photogmphs of the sun 
have been made on 200 days- Solar spots were found on these plates 
on 45 days. 

While the daily average of spots for the entire fiscal year is slightly 
leas than for the preceding one, the number of days when spots were 
observed from October until the end of July, inclusive, exhibits a 
small increase above the average. This indicates that we have passed 
the sun-spot minimum period. 

Computer E. A. Boeger continued to operate this instrument during 
my absence with the Sumatra eclipse expedition, until my return on 
July 27, when I resumed charge of it. 

It had been known for some time that there was a considerable 
variation of the effective focus of the lens and miri'or combined, due 
to temperature changes. This variation had been corrected to some 
extent by refocusing at the different seasons by changing the distance 
of the lens from the photographic plate to correspond to the average 
temperature then prevailing. It was finally determined, iu order to 
secure the best results, to have the plate-holding attachment controlled 
by a micrometer screw, so that a daily setting could be made to agree 
with the variation of focus due to the outside temperature. This 
attachment was available on November 8, 1901, and a great improve- 
ment in the average definition of the photographs was soon evident. 
Besides this the scale readings gave valuable data for a tempeiuture 
curve of the variation of ^e focal plane, a provisional value for 
which has already been worked out. 

The conditions here are different from those found in an ordinary 
telescope, where the changes of focus due to temperature are compen- 
sated for to a great extent by the expansion and contraction of the 
tube in which the objective is mounted. In the photoheliograph both 
ends are mounted on piers without a connecting tube, so that changes 
of temperature in the optical parts pi"oduce their maximum effect io 
the variation of focus. 
Respectfully, 

Geo. H. Petebs, 
Pfi'itoyrapJier in Charge. 

The Superintendent of the Navai. Observatory. 



THE COMPUTING DIVISION. 

Sir: Dunng my absence in Sumatra in connection with the obser\-a- 
tion of the total solar eclipse of May 17-lS, H'Ol, Assistant Astrono- 
mer Theo I. King was in charge of this division. 

THE OBSERVATORY RECORDS. 

Upon my assuming charge on July 30, 1901, all records of astro- 
nomical and other scientific work, except chronometei's and time ser^-- 
ice, now in the archives of the Observatory, or which may be added 
to the archives, were put in charge of the head of the computing divi- 
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sion, to cause the same to be systematically arranged in suitable cases 
and indexed or catalogued for convenience of reference. 

In fulfillment of this order there have been constructed in the large 
room on the second floor of the main building, through which the pier 
of the ly-ineh equatorial passes, thi-ee cases. One of these, with a 
capacity of l.SO cubic feet, contains all the records in the possession of 
the Observatory pertaining to the transits of Venus In 1874 and 1882. 
A second one. with acapacitv of 250 cubic feet, contains all the merid- 
ian work, including both original records and reductions. The third 
one, with a capacity of 125 cubic feet, contains the ei|uatorial, prime 
vertical, meteorological, and magnetic records. 

Each drawer or compartment m these cases is appropriately labeled, 
and when the contents make it desirable is furnished with a detailed 
list. A catalogue will soon be prepared. 

In planning the cases, storing the records, and labeling the drawers 
Mr, King has been associated with me, and the degree of success with 
which the work has been accomplished was made possible only by his 
assistance. 

THE KEDUCTIOX OF OB8ERVATIOS9. 

The observations made with the 9-inch transit circle and those made 
with the 6-inch transit circle are reduced to May 1, 1902, and the 
printer's copy for 1900 and 1901 is in preparation. 

The observations made with the prime vertical transit instrument in 
1893-1S99 and reduced by Assistant Astronomer George A. Hill have 
been checked, and the printer's copy is nearly finished. The observa- 
tions since 1899 have been reduced to the middle of 1901 but not 
checked. 

Miscellaneous computations on the reduction of the equatorial obser- 
vations have been made whenever requested by the gentlemen in charge 
of the two equatorials. 

In his pi-eparation of the Historyof the Fixed Star Heavens Dr. 
Friedrich Ristenpart, of Berlin, has found numerous discrepancies in 
the star positions of the Gilliss Santiago catalogues as compared with 
others. He has sent us a list of nearly 1,000 such cases, and these 
have all been looked up in the original i-ecords and the results of the 
investigation sent to Berlin. This investigation has been carried on 
by Prof. F. B. LittelL ' . 

During the examination of the Observatoi'y records preparatory to 
filing them in the specially prepared cases, there were found nearly 
7,000 unreduced observations made during the years 1847, 1848, 1851, 
and 1852 and belonging to the Washington zones, and the printer's 
copy of the observations made during the years 1853 to 1859, inclusive, 
nothing of which has been published. The tinal positions of the stars 
in this work have been included in Yarnall's Catalogue, but the obser- 
vations and reductions are not accessible to the scientific world. This 
material would fill about 1,500 pages of the Observatorv publications. 

In consideration of the fact (1) that these observations should be 
published, (2) that the 7.000 observations of the Washington zones 
should be r^uced, (3) that the last eight veare' work with the two 
equatorials should be gotten ready for pi'inting. (4) that the prime 
vertical work since 1893 should be published. (5) that the catalogue 
of the AstronomischeGesellschaft, zone —14- to —18-, observed here, 
should lie compiled, (fi) that the cataloguing of the Washington zones 
1846-1852 should be undertaken, and (7) that all this work should be 
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done at the earliest iJossible moment, I desire most strongly to urge 
upon you the recommendation of the committee on publications and 
printing, under date of December 7, 1!)01, that application be made to 
Congress for an increase of the appropriation for miscellaneous com- 
putations to $10,000. 

What time we ha\-e had from other duties. Professor Littell and I 
have devoted to work on the catalogue of the Washington zones 1S46- 
18o2, but I have not felt justitied in taking any of the computing force 
off the current work to assist in this. 

FRINTIKG. 

Since the last report, Volume II, Piiblications of the United State.s 
Naval Observatory. Second Series, Zone Observations with the 9-inch 
Transit Circle, 189-1-1^01, has been published. Three hundred and 
sixty-four pages of Volume III, devoted chiefly to observations of 
Eros and Ei-os Reference Stars, and 52 pages of Volume IV, Sun, 
Moon, and Planet Observations have been put in type. 

FERSOSNEL. 

The following members of the Observatory force have been attached 
to the computing division at some time during the year ending June 
30, 1902: 

Assistant Astronomer Herbert L. Kice. 

Computer Ernest A. Boeger. 

Computer William M. Brown. 

Computer John C. Hammond, 

Computer Everett I. Yowell. 

Computer Herbert R. Morgan, 

iVIiscellaneous Computer Eleanor A. Lamson, 

Miscellaneous Computer Clam M. Upton. 

Miscellaneous Computer Charles W. Frederick. 

Miscellaneous Computer Arthur B. Turner. 

Miscellaneous Computer Lelia J. Harvie. 
Very respectfully, 

W. S. ElCHELBERGER, 

Pi'ofcusar of Matheinatm. U. S. Kavy^ 

III O/targe (>f Divisio?!. 

The SUPEKIKTENDENT OF THE NaVAL OBSERVATORY. 



report of the director of the nautical almanac. 

United States Naval Observatory, 

Nautical Almanac Office, 

Wa,^hmgton, D. 6'., Jtdy iS, 190£. 
Sir: I have the honor to submit the following report of the opem- 
tions of the Nautical Almanac Office for the fiscal year ending June 30, 

1902: 

printing. 

The following publications were received during the year from the 
Government Printing Office: 

The American Ephemeris and Nautical Almanac for 1905, first 
edition, 1,004 copies. . . 
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The American Nautical Almanac for 1905, first edition, 614 copies. 

The American Ephenieris and Nautical Almanac for 1902, second 
edition, 697 copies. 

The Pacific Coaster's Nautical Almanac for 1902, firat edition, 1,T00 
copies. 

The American Nautical Almanac for 1902, third edition, 1,006 copies. 

DISTRIBUTION OF PUBLICATIONS. 

During the fiscal year ending June 30, 1902, the sale and distribution 
of publications were as follows: 
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The proceeds of sales, amounting to $1,831.72, have been deposited 
with the Treasurer of the United States to the credit of Public 
Printing and Binding. 

THE AMERICAN EPHEMEEIS. 

I have to rejiort that the current work of this office is fully up to 
date, the American Nautical Almanac for 1906 being all in type and 
the American Ephemeris for 1906 nearly so. These volumes will be 
ready for issue January 1, 1903, the earliest date authorized by law. 

The general arrangement and plan of the Ephemeris is the same 
as that for 1905. 

MISCELLANEOUS. 

The work on the Catalogue of Zodiacal Stars is now practically com- 
pleted and is being copied for the printer. 

Considerable progress has been made upon work pertaining to the 
construction of new tables of the satellites. Many observations have 
been reduced and much of the preliminary data has been tabulated. 

The library is greatly in need of books of reference to replace those 
worn by constant use, the law prohibiting the purchase of these from 
the contingent fund. A small appropriation is therefore asked to 
supply this need. 

Many changes have occurred in the personnel of the ofSce since the 
date of my last report, from one to three vacancies constantly existing, 
due largely to the fact that the salaries are not proportional to the 
duties required. 

Very respectfully, 

Walter S. Haeshman, 
ProfnA'ior of Mathematics, JJ. 8. Navy, 

Direfitor Nautical Almanac. 
The Superintendent of the Naval Observatory, 

n,g,i,7c.dbyG00'^lc 
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Sir: 1 have the honor to submit the following report of work done 
in the ofeneral storekeeper's department: 

Requisitions have been prepared for the purchase of instruments and 
stores for issue to ships and naval stations and to fit out surveying 
parties. Instruments received have been inspected and many ship- 
ments have been made, as will appear fi-om the following table: 

Stwes received and iesued hy genseal tlorekeeper' s departniml." 



I HiKh ersde .. 

I Surveying 

I Piiniille] rulers ... 



MaximniD and 



K Not Including Burveylng outfiU. 

The aggregate value of instruments and stores purchased during the 
year for general service and for surveying work amounted to 
155.2(33.(59. 

Two hundred and fiftv-two shipments were made during the year, 
invoiced at *61,970.29. 

Very respectfully, 

Chas. E. Fox,^ 
Contiimnder, U. S. J^avy, 
In Charge of Departments. 
The Superintendent of the Maval Observatory. 



DEPARTMENT OF CHRONOMETERS AND TIME 8EEVICE. 

Sir: I beg to submit the following report of the work of this depart- 
ment for the fiscal year 1901-2: 

Mr. M. E. Porter, computer, was in charge from July 1 to Septem- 
ber 30, 1901, when Commander C. E. Fox, U. S. Navy, reported for 
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duty and took charge of this department. Mr. Porter i-emaincd as his 
assbtant until December 11, when he resigned and was succeeded l>y 
Mr. E. I. Yowell, computer, as assiMtiint. I reported for duty on 
January 22, 1902, and relieved Commander Fox. Air. Yowell remain- 
ing as my assistant until April 5, when lie was succeeded by Mr. E. A. 
Boeger, computer, in accoi'danee with the plan of temporary details 
for duty in tnis department. I beg to express here my appreciation 
of Mr. Yowell's expert and conscientious work in connection with the 
arduous and exacting trial of thronometers in the temperature room. 

Upon taking charge of the department, and while exercising a gen- 
eral supervision over the trial of chronometers and watches, tneir 
issue and repair, and the operation of the time service, I overhauled 
the books showing the history, location, and condition of every naval 
chronometer, so tnat they are now, 1 think; correct and complete. 

With your approval and that of the Bureau, naval chronometers 
loaned to other departments of the Government have been recalled for 
use in the naval service, Chrononjeters that have been in use for 
many years at naval stations have been withdmwn for neces^iry clean- 
ing and repair and others substituted where needed. The pamphlet 
entitled The Care of Chronometers is being revised and enlarged for 
a new edition, to include the care of watches, and data have been col- 
lected, through the courtesy of the Chief Intelligence Officer of the 
Navy, by the naval attaches abroad regarding the care of chronometers 
and the conduct of time services in foreign countries. 

An important change has been made, with the cooiieration of the 
M'estern Union Telegraph Company, by means of which the series of 
telegi-aphic noon signals sent out over the wires from this Observatory 
will hereafter continue for a period of live minutes endiiig at noon, 
instead of three and one-fourth minutes as heretofore. This series 
agrees with that already in use on the Pacific coast, as sent out from 
the Observatoiy at the Mare Island Navy-Yard, so that the same 
system is now in use throughout the United States. It may be stated 
also that this Observatory offered to send out the same series of signals 
at 1 p. m. and at 2 p. m., corresponding to noon of the ninetieth and 
one hundred and fif tn meridians, respectively, so that the entire countiT 
might receive an actual noon signal from the standard clocks of this 
Observatory and that at the Mare Island Navy- Yard, instead of one at 
noon in the Atlantic and Pacific States and at 11 and 10 a. m. in the 
regions where ninetieth and' one hundred and fifth meridian times ai* 
used. The telegraph coinpanv, however, maintains that the rush of 
business on its trunk lines at tliese hours will not admit at present of 
the two extra series of signals. 

The double-page plate entitled "Telegraphic time signals," pub- 
lished herewith, explains the series of noon signals clearly and illus- 
trates thera by means of a diagram. It is ari-anged in a form to be 
posted in telegraph offices, at time-ball stations, and wherever the sig- 
nals are received. Extra copies of this plate might be printed, to be 
had upon application to the Observatory. 



3y Google 



iatory. 

The diagi-ara. This represents the 
signals a^j^^g ^j ^ uniform rate beneath 
it and is Metric connections of the clock 
are siicli,,, jg listening to a sounder in a 
' telegra.pi|iinute, when there is a longer 
interval \^Q ^^g jj, charge of time balls 
and of olgnal drops the time balls and 
corrects t 




This 
preceding 
of the 73 
west of tl 
meridian, 
shortly b 
signal is 
on long 
noon, sii 



1276f 



\,\ of five minutes immediately 
Washington and end at noon 
th meridian. For the country 
, and end at noon of the 120th 
Is is corrected very accurately, 
transit instrument. The noon 
be added by the relays in use 
signals at other times than 



^ m 



■ Google 



Ml 

Bi 
foi 
of. 



leo 
Na 



W; 
tell 



but 

the 

1 

lUI 



bac 



3y Google 



UNITED STATES NAVAL OBSERVATORY. 66 

TRIAL OF CHRONOSIETEBS. 

The usual anuuat six months' trial of chronometers, which did not 
begin till January 14, owing to delays on the part of certain makers, 
ended June 30, with the result that 33 out of the 41 instruments sub- 
mitted passed successfully. This result, considering the long and 
severe teat to which the chtx)nometers are subjected, and the fact that 
they are all of American marmfaetui-e, is.\'ery gratifying, 

Ihe accompanying tabular statement gives in detail tne actual data 
of the trial, and two plates are added in order to exhibit the results 
graphically. The attention of makers and others interested is invited 
esi>ecially to these plates, which serve to make the printed figures 
intelligible and to indicate the qualities that give chronometers the 
highest value for use at sea, as determined by long experience and 
study in the Navy of the United States. 

Plate I, "Temperature rate curves," shows the rate curve for tem- 
perature of every chronometer in the trial. The number of each, 
placed at the point indicating the temperatui'e of compensation (when 
that point falls within the limits of the diagram), is its number in order 
of merit, as shown in the tabular statement, and can be easily located 
on the plate by using the temperature of compensation given in the 
table. Moreover, the table gives also the rate at the temperature of 
compensation, so that the i"ate at any other temperatui'e can l>e found 
from the plate by using the rate scale at the top and the tempei-ature 
scale at the side. Of course, other things being equal, the nearer the 
curve approaches an up-and-down line the better. Such rate curves 
are sent out to navigators with evei-y chronometer and are utilized in 
the navigation of every naval vessel. 

Plate n, "Graphic representation of the four quantities whose sum 
makes the trial number," shows clearly the relative value of each of 
these quantities in the 33 chronometer that passed the trial. The 
total length of each line represents on the same scale the total trial 
number of that chronometer. Those of the first class, trial number 
from to 5, are valued at 8375; second class, 5 to 9, $350; third class, 
9 to 16, *330; and fourth class, 16 to 25, $300." 

With the increase of the Navy and merchant marine, this subject 
is one of gi-eat and mutual impoi"tance to the Government and to 
American cnronometer makers, and it must become a more and more 
important feature of the work of this department of the Observatory. 
Incidental to the regular use of the temperature room in this connec- 
tion, for which it is admirably adapted, I beg to recommend that slight 
changes be made to adapt it to the simultaneous test of watches (tor- 
pedo boat, comparing, and stop watches), as well as thermometers, all 
of which are required in such numbers in the service as to render this 
thorough test very advisable, more especially as it is the only test that 
can be at all conclusive, 

"There ia added herewith (p. 120) a statement of thedataand results of an investi- 
gation of the coefiicient of time of the chronometers that passed the trial. This 
expression mefms the average daily chajige of rate that may be expected to take 
place subsequent to the middle day of the last tour-week period, namely, July 21, 
1902, a change additional to that due to diflerences of temperature and dependent 
npon the lapse of time only. The value of the results may be affected by the 
increased humidity during tile latter of the two four-week periods, but may well be 
studied as indicating the diangea that are to be expected. 
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VVitb your approval, new alin^ psychrometer apparatus has been 
obtained for installation in botli uie temperature room and the chro- 
nometer room, in order to obtain more reliable data regarding relative 
humidity, a factor of considerable but not yet very well determined 
effect upon the rates of clocks, chronometers, and watches. With the 
data thus obtained and accurate barometric observations, I pixipose to 
continue closely to observe and study the effects of these two factors, 
and I think it not improbable that a correction can be determined that 
can be utilized practicall;^ to the benefit of the chronometers on trial, 
as the bai-ometric factor is already allowed for every day in correcting 
the clock rates used in sending out the noon signal. 

It is hoped that the next trial may begin as early as December 1 
next, and that American makers of chronometers and watches will 
find it to their interest to cooperate even more libemlly and success- 
fully than heretofore. In so doing they may rest assured that no 
Sains will be spared by this department of the Observatory in con- 
Dcting the ti'ial with tne greatest care and impartiality and in obtain- 
ing results that are conclusive as to the relative and absolute merit of 
the in^trunnents submitted. In connection with the trial, all the naval 
standard chronometers that have been repaired and cleaned and are 
available ai-e put through the same test, and their trial rate curves and 
trial numbers computed like the rest for practical use in grading them 
inclasses according to their merits for issue to naval vessels. The 
eiactness and amount of the work and computation are of course very 
gteat, and the services of an expert computer very necessary in con- 
nection therewith. For many reasons, therefore, it would seem to be 
nry desirable to have a pennanent assistant, either a computer or 
assistant professor on duty in the department, who would soon become 
so familiar with the details of the work as. to relieve the officer in 
charge of much of the routine and laborious duties that now occupy 
dt of his time. Moreover, such a permanent assistant would become 
^miliar with the in.'ipeGtion of other nautical instruments, a matter in 
which training and constant practice are of vital importance. 

THE TIME SERVICE. 

The series of telegraphic noon signals has been sent out regularly, 
escept Sundays and (since March 13) holidays, with an average error 
of only fourteen-hundredths of a second. The computer on duty in 
the department has taken 145 star sights for time, using the south 
transit instrument. Of the three standard clocks, the Seth Thomas 
(mean time) was cleaned in March, and the Charles Frodsham (sidereal) 
in April, and all are now running very well. For the noon signal the 
mean of the three is used, with a slight barometric correction, result- 
ing in extreme accuracy, and the monthly reports show that the signals 
are received regularly at the fourteen stations where official time balls 
are dropped by signal from this Observatory. In addition to these 
fourteen stations on the Atlantic coast, the Great Lakes, and the Gulf 
of Mexico, there is a time ball at San Fi'ancisco, dropped bv telegraphic 
signal from the observatory at the Mare Island Navy-i'ard, uiaKing 
fifteen in all for the United States — invaluable aids to navigation and 
commerce. The signals themselves give accurate time wherever the 
telegraph lines reach throughout the country. Arrangements have 
been made, as already statea in this report, for the series of noon sig- 
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nals to go over the wires continuouslj- foi' an interval of five minutes 
ending at noon, directly from the standard clocks at the Obser^atoir; 
and the plan of omitting the twenty-ninth second of each minute, the 
last live of each of the first four minutes, and the last ten of the last 
minute enables an observer at anj' telegraph station to get several 
good comparisons of his chronometer or watch. In addition to this, 
more than 30,000 clocks are corrected automatically by the noon sig- 
nal, and this system is being rapidly extended in all parts of the country. 

CHRONOMETERS OF HISTORIC INTEREST. 

To refer to a feature that has been practically ignored, owing to 
the constant pressure of routine work connected with the active and 
never-ceasing duties of the Navy, I beg to call attention to the small 
but interestmg collection of old historic chronometers on hand, the 
nucleus of what I hope may become a large and important museum 
of great interest to visitors to the Observatory, to all friends of the 
service, and to the great numbers of people who ' attend world's 
fairs and similar gatherings where the Navy Department has an 
exhibit. Among these historic relics 1 need only mention a few in 
order to illustrate the value and interest that attaches to them, inti- 
mately associated as they have been with the officers, ships, and his- 
torj' of the Navy. 

Eggert No. 106: Firat American chronometer purchased by the 
Navy. 

Negus No. 1630: With DeLong on board the ./eannetie when lost in 
the Arctic Ocean. Taken to the LenaDelta. Recovered by Melville. 

Bliss No. 3481: Captured on board the Florida when cut out in 
the harbor of Bahia by the Wa^husett. 

Negus No. 1256: From the Vajidalio, loat in a hurricane at Samoa. 

NegLis No. 1866: The chi-onometer of the Puhtrls, Captain Hall, lost 
in the Arctic. It was buried four years in the snow and then recovered 
and returned by Captain Nares, of the British Navy. 

Poole No. 2710: Saved from the wreck of the Rodq-n-x. 

Dent So. 2387: Damaged on board the Jnn iaia in the great typhoon 
oS the coast of Japan, in which that vessel almost foundered. 

I beg to recommend that this museum be kept in mind and added to 
from time to time and that old, worn-out chronometers that have done 
excellent service for forty, fiftv, and even sixty yeai's in the Navy, 
aboard ships in everj- ocean of the globe: that have been under the 
daily care and observation of officers duiing long years of arduous 
dutj; that have done their quiet, hut important, part in the navigation 
of eveiy class and type of ship, in calm and storm, in peace and war— 
I recommend that such worn-out but interesting old chronometers be 
added to the museum, their records written up, a just pride taken in 
them, and that they be no longer condemned to be sold for old iunk 
and their history and records forgotten. Such a museum, either nei-e 
or at the Naval Academy, would be an unfailing source of intei-est and 
inspiration, and it might well be given an educational value as well, by 
combining with it a collection of chi'onometer and watch moveoienta 
arranged to show clearly their delicate and perfect mechanism and the 
steps by which their present perfection has been evolved. The makers 
of chronometers and watches would doubtless willingly assist in such 
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a plan, for it ia uoiversally recognized that it ia to the needs of naviga- 
tion that the evolution of our modern accurate timekeepers ia almost 
entirely due. 

TORPEDO-BOAT WATCHES. 

Reports received from abroad two years ago noted the development 
of a chronometer watch especially made to withstand the violent motion 
and vibration, as well as the hign temperatures, of torpedo boats, and 
several of these watches were purchased for tri&l. An exhaustive test 
is now being made, under actual service conditions, of the relative 
value of theBc watches and ordinary ships' chronometers. The indica- 
tions are that the watches will be found superior under the conditions 
mentioned, thus confirming results obtained abroad. If so, it is recom- 
mended that the policy be adopted of equipping all such vessels with 
these watches. The expense involved will be considerably less than 
for the use of ships' chronometers. The demand for this special style 
of watch in this country is far too small to offer any inducement to 
American watchmakers to make such a watch, and they will probably 
have to be purchased from European dealers, although a competitive 
trial might well be aiTanged in which American watches could be 
entered. 

THE NUMBER AND ISSUE OF CHRONOMETERS. 

The total number of box chronometers now in the Navy is 691, of 
which 553 are standards, 134 hacks, and 4 thermometries. The care 
and attention involved in keeping accurate account of them, their loca- 
tion on ships and at shore stations, their issue and return, and their 
cleaning and repair, are very great, and to this is added the issue of 
torpedo-boat watches, comparing watches, and stop watches. 

There were issued during the year 57 standard chronometers, 29 
hacks, 40 comparing watches, 32 stop watches, and 2 torpedo-boat 
watches. 

THE NEXT CHRONOMETER TRIAL. 

It is recommended that the next trial of chronometers begin Decem- 
ber 1, 1902, and that it be conducted according to the following rules 
-for determining the tiial number." These are similar to those in force 
heretofore, but with certain slight changes intended to secure a better 
relative test of merit: 

The merits of each chronometer will be determined by trial number, 
which shall be derived from the following formula: 

Trial number-p (70=-i?)-|-(1000z}'-|-100V/+100Vo';' 

^=the temperature of compensation, which is that tem- 
perature at which the chronometer runs the fastest (or, in case the 
chronometer is overcompensated, the slowest). The expression 
(70°—^) means the difference in degrees between 70° F. and the tem- 
perature of compensation, and this quantity is always taken with the 
positive sign. 

z=the temperature constant, being the change of rate for a change 
of 1° in temperature from the temperature of compensation. 
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p=a factor depending on z for ita value, and is taken by interpola- 
tion from the following table: 

For z=0.00000 p=0.0000 
0.00025 0.0625 
0.00050 0.1250 
0.00075 0.1875 
0.00100 0.2500 
etc. etc. 

In other words, there is an increase of 0.0025 in the value of p for 
each increase of 0.00001 in the value of z. 

The temperature rate curve, showing the effect of temperature on 
the chronometer's rate, is computed from the following fonnulse: 

(b-c) (d*-e')-(a-b) (e^--f) 
''-3[(a-b) (f-e)-(b-c) (e-d)] 

(a-b) 



. ^-(e-dr-(t)-ey . 

r=a-z (tf-d)'=rate at &° 

a=rate at d d=lowe8t temperature, taken as 55°. 

b=rate at e e=middle temperature, 70°. 

c= rate at f f =highe8t temperature, taken as 85°. 

The curve is constructed by computing the rates of the chronom- 
-eter for every 5° of temperature from 90° to 50° from the formuh 
r'= r+z {&—6'f, where r' = rate at temperature 6'. The curve is 
plottedj using the temperatures as ordinatee and corresponding rates 



V represents the running in the temperature room. It is determined 
for each period by computing the difference between the observed rate 
and the curve rate at that temperature. Ten periods of one week each. 

Vo'=the mean of the sums of the squares of these differences, giving 
those at 85°, 70°, and 55° three times the weight of those at 90*^ and 50°. 

V represents the running in the chronometer room. It is deter- 
mined for each period by computing the difference between the observed 
rate and the curve rate at that temperature, finding the mean of these 
differences and, finally, the variation between this mean and each dif- 
ference. In other words, the rate curve is moved to the right or left 
to best agree with the rates observed in the chronometer room, and 
the variations from this new curve are then obtained. * Twelve periods. 

Vo' ' = the mean of the sums of the squares of these variations, giving 
equal weight to each. 

Very respectfully, 

Edwakd Everett Hatden, 
Lieutenant- Commander, JJ. S. Navy^ 

In Charge of Department. 
The SttPEBINTENDENT OP THE NaVAL ObSEKVAXORT. 
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SUPERINTENDENT OF THE NAVAL OBSERVATORY. 



United States Naval Observatory, 

Washington, D. C, Septentber 1, 1903. 
Sir: I have the honor to submit the annual report of the operations 
of the United States Naval Observatory for tne fiscal year ending 
June 30, 1903: 

PLAN OF WORK. 

The plan of work has been in the main that specified in the order 
of March 6, 1846, from the Hon. Geoi^ Bancroft, Secretary of the 
Navy, to the Superintendent Naval Observatory, as contained in the 
clauses: ^'I approve your course in making the series of astronomical 
observations necessary for the preparation of the Nautical Almanac" 
and "the country expects also that the Observatory will make ade- 
quate contributions to astronomical science." These instructions have 
been amplified from time to time by the Navy Department, and it has 
ever resisted a departure from this well-esta6lishM plan. 

First, to secure observations necessary for the preparation of the 
Nautical Almanac; 

Second, to contribute to astronomical science. 

PERSONNEL. 

The following changes among the officers and employees have 
occurred since the last report: 

Capt. Colby M. Chester, U. S. Navy, relieved Capt, Charles H. 
Davis, U. S. Navy, as Superintendent, November 1, 1902. 

Commander Charles E. Fox, U. S. Navy, was detached for sea serv- 
ice August 20, 1902. 

Professor of Mathematics T. J. J. See, U. S. Navy, was detached 
from the Observatory and ordered to the United States Naval Acad- 
emv- September 20, 1902. 

Professor of Mathematics Milton Updegraff, U. S. Navy, was 
detached from the Observatory and ordered to the United States 
Naval Academv September 20, 1902. 

William D. Ilorigan, librarian, was promoted from class 1 to class 2 
July 1, 1902. 

Robert H. Coker, clerk, was promoted from class 1 to class 2 July 
1, 1902, and was discharged on account of disability May 31, 1903. 

W. W. Dinwiddie was tmnsfeiTed from assistant on tne great equa- 
torial to assistant in spectroscopic work July 1, 1902. 

Charles W. Frederick was transferred from miscellaneoas computer 
t on the great equatorial July 1, 1902. , , CiOOqIc 
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Agnes p. R. Auhagen, stenographer and typewriter, was transferred 
from the Nautical Almanac Office to the Naval Observatory July 1, 
1902. 

E. A. Boeger was promoted from computer to clerk class 2 June 1, 
1903. 

Eleanor A. Lamson was promoted from miscellaneous computer to 
computer June 1, 1903. 

Lelia J. Harvie was employed as miscellaneous computer during 
Juh' and August, 1902. 

Etta M. !^toQ was employed as miscellaneous computer from 
November 1, 1902. 

John R. Benton was employed as miscellaneous computer from 
November 5, 1902. 

Ella A. Merritt was employed as miscellaneous computer from 
December 4, 1902. 

Samuel ¥. Rixey was employed as miscellaneous computer from 
December 19, 1902, to June 1, 1903. 

D. T. Wilson was employed as miscellaneous computer from Feb- 
ruary 2, 1903. 

Charles E. Yost was employed as miscellaneous computer from June 
15, 1903. 

D. R. Nihion, fireman, was ti-ansferred to the Treasury Department 
February 1, 1903. 

5. F. McMahon, fireman, was appointed February 2, 1903. 

The astronomical force has been gradually diminished year by year, 
first by the detachment of a number of line officers who were formerly 
assigned positions as observers, and more recently by the detachment 
of several professors of mathematics for duty at the Naval Academy. 
This not only left the Observatory short-handed, but made frequent 
rearrangements of the personnel necessary. Each new assignment to 
astronomical duty retards the work, breaks up its continuity, and 
diminishes the output. It is such changes as these among subordinate 
officers who have special work to do that produce confusion, as in the 
case of every other executive branch of the Government; not, as is 
frequently maintained, the change of the head or administrative officer. 
He must necessarily continue the policy left by his predecessor until 
experience has demonstrated the wisdom of innovations. 

The present organization is as follows: 

1. Division of meridian observations, including the 9-inch and 6-inch 
transit circles, the clock vault, the clock room, all clock and chrono- 
graph circuits (except those of the time service), and the whole clock 
system used in meridian wjork. This division also includes meteoro- 
logical observations. 

2. The alt-azimuth and prime vertical transit instruments, including 
their clock and chronograph system, 

3. The 26-inch equatorial and great dome. 

4-. The 12-inch equatorial and comet seekers. 

6. The division or photography, including the photoheliograph and 
all photographic apparatus. 

6. The computing division. This division comprises a head and all 
computers, whether of the permanent staff or pieceworkers, and per- 
forms reductions of all observations by whomsoever made, and all 
proof reading for publications; but heads of instrumental divisions 
are consulted as to methods of reduction of their own work, and at all 
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times have free access to the division on matters relating to the 
reduction of their own observations. The order in which the work of 
reduction is performed ia established by consultation with the Super- 
intendent. The head of the computing division is i n charge of and 
responsible for all records of astronomical and other scientific work, 
except chronometers and time service, now in the archives of the 
Observatory or which may be added to the archives, and will cause 
the same to be systematically arranged in suitable cases in his division 
and indexed or catalogued for convenience of reference. 

7. The instrument maker, whose duties are prescribed in sections 
38 et seq., page 10. of the Regulations for the Government of the 
Observatory. But in addition to the above he will be held responsible 
for al' instruments stored or not in use, and will keep the inventory 
of the same complete to date. 

8. Committee on library. The duties of this committee are defined 
in the Regulations. 

9. Committee on editing and printing. This committee shall con- 
sist of four permanent members and the observer or writer whose 
work is under consideration. No volume will be sent to press and no 
communication of a scientific character embodying results of work 
performed by an individual in the line of his duty will be sent to any 
periodical or scientific journal until it shall have been passed upon by 
this committee. All work to appear in the Ob3er\-atopy publications, 
as soon as possible after it is finished, shall be gotten ready for the 
printer and submitted to the Superintendent, so that the committee 
may arrange for the issuing of successive volumes as rapidly as 
possible. All questions shall be settled b}' a majority vote. 

10. Committee on plan of work. This committee shall meet regu- 
iarl)' once a month to consider and report upon the lines of work in 
progress and to be undertaken upon the various instruments. 

Heads of departments as above specified will, on the last day of 
each month, malce a written report to the Superintendent on work 
done during the past month and programme for the ensuing month 
in their own departments, and the condition of the instruments under 
their charge. 

The detail for duty in the astronomical department is as follows; 

Division of meridian observations (9-incn transit circle, 6-inch 
transit circle): Professor Eichelberger, Professor Litt«ll, Mr. Rice, 
Mr. Brown, Mr. Yowell. 

Alt-azimuth and prime vertical: Mr. Hill, 

Twenty -six-inch equatorial: Professor Skinner, Mr. Frederick, Mr. 
Dinwiddle. 

Twelve-inch equatorial: Mr. King, Mr. Hammond. 

Division of photography: Mr. Peters. 

Computing division: Professor Eichelberger, Mr. Brown, Mr. Ham- 
mond, Mr. Yowell, Mr. Yost, Miss Lamson, Miss Eaton. 

Committee on library: Professor Skinner. Professor Littell, Mr. 
Horigan. 

Committee on editing and printing: Professor Skinner, Professor 
Eichelberger, Professor Littell, Mr. Hill. 

Committee on plan of work: The Superintendent (ex officio chair- 
man of committee), Professor Skinner, Profe.ssor Eichelberger, Pro- 
fessor Littell, Mr. Hill, Mr. King. 

In addition to the drawback to efficient administration and labor 
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caused by the reorganization of the personnel, most df the time of 
the Superintendent and staff during the latter half of the year has 
been given up to answering questions called forth by several investi- 
gating boards. These boards have consisted of — 

(1) A board ordered by the Navy Department, composed of Rear- 
Admiral F. M. Ramsay, U. S. Navy, Capt. J. E. Pillsbury, U. S. 
Navy, and Commander C. J. Badger, U. S, Navy, "for the purpose 
of inquiring into and reporting upon the advisability of eliminating 
or transferring to other than the control of the Navy Department any 
of the work now performed at the Naval Observatory." 

This board reported that "In the opinion of the board, the regular 
work of the Naval Obser\'atory is essential to the Navy; it cau be 
systematically and successfully accomplished only under Government 
control; and no portion of it should be discontinued or transferred to 
other than the control of the Navv Department." 

(2) The General Board of the Navy, of which Admiral of the Navy 
George Dewey is president, to whicn was referred the same subject 
that was referred to the preceding board, rendered a similar decision. 

(3) A committee ordered by the President of the United States, 
comiiosed of Mr. Charles D. Walcott, chairman; Brig. Gen. William 
Crozier, U. S. Armj" Rear- Admiral Francis T. Bowles, U. S. Navy; 
Mr. Gifford Pinehot, and Mr. James R. Garfield, to report upon various 
matters connected with the organization of the Government scientific 
work. The report of this committee has not yet been made public, 
but it also thoroughly investigated the Naval Observatory, 

Added to the drain on the time of the astronomical staff incident to 
the above-enumerated conditions is that due to the greatly increased 
demand for navigational instruments for the numerous ships building 
for the Navy. No small portion of the laboi' due to this demand has 
fallen on the Naval Observatory. Formerly from four to six naval 
line officers were employed in the three departments of nautical instru- 
ments, storekeeper, and chronometers and time .service. Now one 
lieutenant-commander is the only line officer detailed for the combined 
duties of all three departments. Other branches of the naval service 
have been supplied with additional men paid from the general appro- 
priation "Increase of the Navy" to meet these conditions, but the 
requirements of this Observatory seem to have been overlooked. 

Failing to procure the needed force for this important service, it 
has been necessary, under the Bureau of Equipjiient's general order to 
saerifiee astronomy for military duties, to assign two computers from 
the astronomical force to keep up with the extraordinary demands of 
the fleet. Further than this, as is shown in the report of the head 
of the department of nautical instruments, articles of equipment for 
naval vessels are such that the board of inspection which passes upon 
invoices before they are paid for must devote much time to the exami- 
nation of each article, and thus not only has the fleet made an unusual 
number of calls on the Observatory staff, but each call has required a 
greater amount of time than is usual at other naval stations. It should 
be remembered that navigational instruments can not be passed over 
with the cursory inspection given to ordinary supplies for a ship, but 
must be subjected to a critical test of all their different parts under 
varying conditions, needing at times several hours to pass one item 
of a schedule. As the one line officer at the Observatory can not 
report upon the articles under his charge, professors of mathematics 
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who are employed for astronomical work have been detailed to act on 
the board of inspectioo, thereby detracting from their own individual 
work. 

Feeling aa I do that the work of the Naval Observatory has been 
greatly handicapped by the conditions briefly outlined above, I com- 
mend to the Department the zeal of the staflf as worthy of more con- 
sideration than seeius to have been accorded it in the past. The 
members of the staff have vied with each other during the past year 
in doing more than was required of them, and thus have been enabled 
to maintain a good average of records; but such conditions can not be 
expected to continue. In one instance a member of the Nautical 
Almanac department, Mr. H. E. Evans, in addition to a full-time 
service in that department, has devoted a good part of three nights in 
the week to observational astronomy, giving to the records data of 
much value. Also, Mr. Hammond, a member of the computing 
division of the Observatorj', has contributed overtime work in the 
search for and location of asteroids, a work that has been much appre- 
ciated by outside astronomers. 

Such observations have been published in astronomical periodicals 
and the authors given credit foi" their work, thus making an incentive 
for additional labor. 

While such work may be only incidental to naval purposes, it helps 
to maintain the interest of observers in a class of astronomy that is 
more or less a drudgery and carries out the precept of the Observatory 
to contidbute to astronomical science. It also produces better results 
in routine observations, 

PUBLICATIONS. 

During the fiscal year ending June 30, 1903, Volume III, Publica- 
tions of the United btates Naval Observatory, Second Series, has been 
issued. 

As showing the contributions to astronomy in general other than 
that shown in governmental publications, the following list of articles 
made public is submitted: 

In the Astronomische Nachrichten, Nr. 3806: "Observations of the 
satellites of Saturn and Uranus," by T. J. J. See. 

In the Astro nomicalJournal, No. 528: "Observations of heliometer 
comparison stars, ^' by M. Updegraff and J. 0. Hanmiond; "Observa- 
tions of comet h 1902 (Perrine)," by W. W. Dinwiddie and C. W. 
Frederick; "Observations of comet d 1902 (Giacobini)," by W. W. 
Dinwiddie; "Elements and ephemeris of comet </ 1902 (Oiacobini)," 
by H. R. Morgan and C. W. Frederick. 

In the Astronomical Journal, No. 630: "Elements and ephemeris of 
comet a 1903 (Giacobini)," by II. R. Morgan and Eleanor A. Lamson. 

In the Astronomical Journal, Nos. 531-532: "Elements and ephem- 
eris of comet a 1903 (Giacobini)," by H. R. Morgan and Eleanor A. 
Lamson. 

In the Astronomical Journal, No. 533: "Observations of heliometer 
comparison stars," by M. Updegraff and J, C. Hammond; "Observa- 
tions of minor planets," by J. C. Hammond; " Observations of comet 1> 
1902 (Perrine),'' by C. W. Frederick and W. W. Dinwiddie. 

In the Astronomical Journal, No. 53i: "Observations of the decli- 
nation of Vesta," by George A. Hill; "Observations of the right 
ascension of Vesta," by Everett I. Yowell. 

Coogic 
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Id the Astronomicaljournal, No. 535; "Observations of comet 1900 
11," by George K. Lawton. 

lu the Astronomicaljournal, Nos. 537-538; "Observations of comet 
a 1903 (Giacobini)," by C, W. Frederick; "Observations of Turner's 
'Nova' (2387 — Geminorum)," by C. W. Frederick; "Photographic 
■ observations of theminor planet (60) Echo," by G. H. Peters; Photo- 
graphic observations of minor planets," by G. H. Peters. 

In the Astronomical Journal, Nos. 540-541 : ' ' Observations of minor 
planets," by J. C, Hammond. 

In the Astrophj'sical Journal, Volume XVI, No. 2: " Some results of 
the total eclipse in Sumatra of May 18, 1901, obtained with the photo- 
heliograph at Fort de Kock," by G. H. Peteis. 

The following articles have been communicated to the Astronomical 
Journal for publication: "Observations of minor planets," by J. C. 
Hammond; "Observations of comet h 1902 (Perrine)," by O. W. 
Frederick; "Observations of comet d 1902 (Giacobini)," by W. W. 
Dinwiddle; "Observationsof the satellite of Neptune," by W. W. Din- 
widdle. 

The following pajwrs have been read by members of the Observa- 
tory staff before scientitic societies: 

Before the National Geographic Society; "The work of the United 
States Naval Observatory," by the Superintendent, Capt. C. M. 
Chester, U. S. Navy. 

Before the Philosophical Society of Washington, January 31, 1903; 
"Progress of the zone observations of the Astronomische Gesell- 
schaft," by A. N. Skinner. 

Before Section A, American Association for the Advancement of 
Science, Washington meeting, 1902-3: "A new method of obtaining 
the constant of lefraction," by George A. Hill; "Instrumental con- 
stants in equatorial work," by C- W. Frederick. 

Before tne Astronomical and Astrophysical Society of America, 
Washington meeting, 1902-3: "The photoheliograph of the United 
States Naval Observatory, its use and defects in solar photography," 
by G. H. Peters. 

Favorable comment has been made of these contributions from a 
number of sources. One leading astronomer of the country, writing 
to the Observatory concerning them, states: 

He IB doing valuable work in tbis field, and in fact tbe generai activity of the 
Naval ObservaUiry is sometliing that aatronomera must appreciate and take comtort 
and pride in. 

As the public has been led to believe that the Observatory has no 
friends outside of its own department I have collected these bits of 
contrary sayings with mueh satisfaction. 

BRANCH OBSERVATORIES. 

That this Observatory is essential to naval pturposes is well estab- 
lished by the reports of the several Boards to which reference has been 
made, and it is also the best adapted by equipment and location for the 
combined work upon which it is engaged, viz; navigational astronomy, 
publication of tbe Nautical Almanac, care and issue of navigational 
instruments, magnetic work, and the time service. A central station 
where Navy chronometers and other navigational instrimoents may be 
standardized is a prerequisite to best results. Chronometers in particu- 
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iar must be regulated by a common standard, and should be treated by 
the same persons who transmit all over our country the standard time 
required to be maintained by them. Other countries provide for a 
number of naval observatories to do the work which our Washington 
Obser\"atory is doing practically alone. France, for instance, has a great 
central observatory at Paris and branch naval observatories at Toulon, 
Lorient, Cherbourg, and Kochefort. A combination of their several 
stalls it is thought might better subserve the interests o£ the Navy- 
Many separate mstitutions of this kind would not only add to the 
expense of maintenance, but would tend to irregularity in methods and 
loss of efficiency in results. For instance, the temperature room of 
the Naval Observatory, where between $30,000 and $40,000 worth 
of chronometers are regulated during a perio<l of six months in each 
year and many others all the year around, was designed as the result of 
many yeare' experience and study by many officers at the old Observ- 
atory, was built with the new building and is an essential part of it. 
To duplicate such a room, even without a transit house and clock 
room (which are really essential, as each depot of this kind ought to be 
complete in itself), and to provide the expensive apparatus required 
for the exact work of the inspection of other nautical instruments, 
would cost in the neighborhood of $10,000. To establish such an outfit 
at four or five different points along our coast would nearly quadruple 
the first cost for plant, with a proportional increase for maintenance, 
while at the same time doing away with that exact comparative test 
and standardizing of instruments that is one of the strongest points of 
tbe present system. Transportation charges are but a small part of 
the expense of equipping a fleet with navigational appliances, and 
should have no weight in determining how or where they should be 
put in proper adjustment. It seems therefore not only a wise policy 
to have the one station at Washington to cany on this important 
service for the Atlantic coast, but the contrary plan is entirely imprac- 
ticable. It is centralization that reduces expense and increases effi- 
ciency in all business, not decentralization. If, therefore, all naval 
^ork required of an observatory could be centered in Washington, the 
best policy indicates that such should be the ease, but the large area 
covered by the present United States is a field too vast to be controlled 
exclusively at one point. Hence we have a small naval observatory 
at the navy -yard at Mare Island, Cal,, from which the naval vessels 
in the Pacific can receive their supplies of navigational instruments 
(first standardized at Washington), and which shares with the parent 
institution at Washington the furnishing of time to the country, 
which for this purpose is divided into two grand time divisions by the 
Rocky Mountains ; Washington has charge of the eastern section and 
Mare Island of the western. 

But there is an extension of this work that is necessary and is 
becoming more so as the countiy grows. This was indicated in my 
communication to the Bureau of April 4, 1903, wherein was recom- 
mended the establishment of a small observatory at the naval station, 
Tutuila, Samoa, for the purpose of observing a fist of 500 of the 1,597 
stars adopted for publication in the nautical almanacs of the United 
States, Great Britain, France, and (jermany, at a conference of the 
directors in 1896 ; for the accurate determination of time for the use 
of navigators in that far distant section of our national domain ; and 
for the determination of the magnetic elements, a knowledge of 
which is so important to navigation. CiOOqIc 
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Similar observatories elsewhere can be established with much ben- 
efit to our naval and commercial interests without material expense to 
the Government. Such points as the island of triiam, the Philippines, 
Hawaiian Islands, and Midway Island, where naval stations must be 
maintained, affoi-d excellent opportunities for carrying on such work as 
the Navy requires, and this work can be done by its officei-s to their own 
and the Government's advantage. In fact, such an observatory as pro- 
posed has existed at Guam since soon after itsf occupation by the 
United States naval forces in 18W8, but it should be reorganized and 
its work harmonized with that of the central and parent station, and 
made to conform to a general plan of operations. 

The station at Tutuila, situated in latitude 15"^ south, longitude 168"^ 
west, is simply an ideal location for astronomical observations, and this 
is recognized by leading astronomers of the country. It has a field 
almost entirely undeveloped, and the heavens covered by its tele- 
scopes contain a large portion of the stars desired for use of the 
Nautical Almanac, and whicb in the neat future will become important 
in navigation among the islands of the Pacific and other southern 
oceans of the globe. 

As stated in the Observatory's letter referred to, there being required 
at the Tutuila Naval Station at all times a naval vessel with a full 
complement of officers, observations in astronomy and magnetism can 
be carried on by them, some of whom may have been employed on 
similar duties at this station. But, in view of the great scarcity of 
naval officers at this time and the necessity of employing the few now 
attached to the station vessel in the survey going on in the Samoan 
group, for which a smalt observatoiT is particularly essential, I 
respectfully recommend that one of the assistants be detailed from 
this Observatory to proceed to Tutuila, set up the instruments that 
have recently been sent there under orders from the Bureau, and 
make the observations which are necessary to complete the list of 
stars called for by the International Commission of Nautical Almanac 
Directors. 

There will be found at the naval station at Tutuila, for carrjing out 
this important plan, the following instruments: 

1 barograph. 1 m^netometer. 

1 Masi'art clock and vertical force mag- 1 transit circle. 

netograph. 1 chronograph. 

1 set of Kew magnetographs, with clock, 1 thermograph. 

telescopes, and scales. 1 Riefler astronomical clock. 

1 declinometer and scale. 1 photographic outfit and mipplies. 

1 theodolite and collimator. 1 nox of books, record sheets, etc. 
1 dip circle. 

I am sure that the commandant of this distant station. Commander 
E. B. Underwood, U.S. Navy, would greatly appreciate the assistance 
of one of the young men of this Observatory m executing the work 
proposed, and that this fascinating field for observational astronomy 
would call forth the best services of the fortunate man designated for 
the duty. 

MACHINE SHOP. 

For a long time there has been felt the want of a shop at the Naval 
Observatory where slight repairs at least for the large number of 
instmnients under the Observatory's control could be made. It has 

Google 
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been necessary to employ an inijtrument maker who could examine 
intelligently the appfiances for astronomical observations and keep 
them in order, but he has had very meager appliances for making 
repairs. Much thought has heretofore been expended in trying to 
devise a machine shop, but the cost of its installation dealing with 
figures entirely too large for the regular appropriations was always a 
Imr to such an establishment. 

Through the courtesy of Rear-Admiral Melville, Engineer-in -Chief 
of the Navy, a number of machines which were obsolete for naval 
purposes, but which were good enough for the slow and delicate work 
of repairing instruments, were loaned to the Observatory. 

With these machines Mr. W. W. Dinwiddle, assistant in spectro- 
scopic work, has installed a very respectable machine shop. It has 
only recently been completed, but already its advantages are apparent. 
It is thought that in the future a marked saving in expense can be 
made in doing repairs to instruments, and also that the s^op will fur- 
nish facilities for experiment and improvement and the construction 
of new apparatus. Mr. Dinwiddle by his mechanical abilitj" has 
greatly improved the lighting sj'stem of the instrument on which he 
IS an observer— the 26-inch equatorial. The photographic camera 
which he has attached to the telescope has also been very useful in the 
search for missing asteroids. Mr. G. H. Peters, the photographer of 
the staff, has been thus enabled to locate these small wanderers by pho- 
tography, without which means of observation it is doubtful if some 
of them may not have been lost from view altogether. 

GROUNDS AND KOADS. 

Since the last annual report one of the outlying tracts of land, con- 
sisting of 0.425 acre of ground, belonging to the neirs of Margaret C. 
Barber, has come into possession of the Observatory by the final pass- 
ing of the title to the Government. This purchase was covered by the 
fund appropriated by the naval appropriation act dated March 3, 1901, 
for the purchase of land lying within the Observatory Circle and not 
included in the original purchase. There still remains to be acquired 
the tract belonging to Mr. Philip Young and the tract belonging to 
the estate of Normanstone. The owners have refused to accept the 
Government appraisal and appealed to the courts, and final action has 
not yet been secured. In addition to these two tracts theie remains 
to be secured to complete the area originally contemplated, 6.72 acres 
occupied by the Industrial Home School. 

The report of the Secretary of the Navy for the fiscal year ending 
June 30, 1901, recommended to Congress the acquisition of this last 
piece of property, and the Superintendent was directed by the Depart- 
ment to place himself in communication with the secretary of the Dis- 
trict Board of Charities and seek to reach an agreement by which a 
proper compensation could be determined for this land. My prede- 
cessor executed the commission, but found it impossible to reach an 
agreement, and recommended that this question be referred to a board 
of appraisers. I respectfully renew this reeommendation, 

I nave had occasion to call the attention of the District Commission- 
ers to the unsanitary conditions prevailing in these grounds, whoreia 
a considerable area of land was set apart tor a sewage bed, the refuse 
dmining into the Observatory grounds. The sewerage system of the 
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school has at last been connected by pump to the main sewer of the 
Tealeytown road, but the sewage bed is still left as a breeding place 
for insects, which are blown by the prevailing summer winds into the 
quarters of the Observatory staff. As the Observatory was removed 
to its present site in 189;{ owing principally to the Linsanitary condi- 
tions prevailing at its former location, it seems proper to protest 
against artificial conditions being maintained in its vicinity that are 
detrimental to health. Furthermore, as a large set^tion of "the school 
grounds is below the grade of the Obser^'atory lane, the Government 
IS at very considerable expense in making repairs to the roadbed 
which is frequently washed away by the waters being dammed in the 
adjoining property. While the question of a transfer of the school to 
a more suitable site is in abeyance, it is doubtful if anything will be 
done to abate this nuisance, oi which complaint has been made, and I 
believe the purchase of a portion of this propertj', if made in the near 
future, would better subserve the interests of the Government than to 
wait an indefinite time to control the whole, I therefore recommend 
that an effort be made through the Board of Charities to detennine 
the value of such a section of this land as may be needed to protect 
the Government's present holdings, leaving to the appraisers the 
determination of the question of final costs of the whole property. 

The work of grading Massachusetts avenue has left tne boundary 
lines of the Observatory property ragged and ,the little that is left of 
the fencing utterly useless. I renew the recommendation of my 
predecessor that a suitable fence be provided for in the next appro- 

Sriation bill to completely inclose all the land belonging to the 
•bservatory. 

There will also be needed at the same time the full allotment of 
^10,000, heretofore allowed, to adjust the roadbeds within the grounds 
to the street line adjacent to the circle. Estimates for the above have 
been submitted for the next appropriation bill. As was stated in the 
last annual report, the appropriation of |5,000, allowed the last and 
the present fiscal years, is only sufficient for the care of grounds, 
leaving but very little for the work of grading. 

As was also stated in the last annual leport, when Massachusetts 
avenue becomes a thoroughfare the Observatory grounds will form 
one of the most beautiful parks in the city of Washington. By the 
time the next appropriation becomes available the District govern- 
ment will probably have completed their share in making the place 
attractive, and it remains for tne United States Government to carry 
into effect a broad plan that will utilize to the utmost the great natural 
beauties of the grounds. 

PUBLIC BUILDINGS. 

Partly with the deficiency a|)propriation requested for the pui-pose, 
and provided for in the act of Congress dated March 3, 1903, all tlie 
iron and wooden buildings of the station have been thoroughly 
painted during the past spring and are now in good condition. The 
interior walls of the main budding have also, for the first time since 
the building was constructed, been given the painting they very much 
needed. Thus the appearance and sanitary conditions of the offices 
have been improved, and the housing of the instruments, where iron 
construction is used, has been protected from serious deterioration. 
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BOARD OF VISIT0E8. 

Congress made no appropriation the past year for the expenses of 
a board of visitors created by the act dated March 3, 1901, and I think 
that the discontinuance of such a visiting committee thus prohibited is 
in no wise detrimental. The work of the Naval Observatory is largelv 
practical and is of a character not common to those educational insti- 
tutions devoted exclusivelj' to research in astronomy, and therefore 
civiUao astronomers eng^^d in such institutions are not, as a rule, as 
good judges of this Observatory's requirements as are the executive 
officers w^o direct its management and to the largest extent use the 
data furnished. The staff of the Naval Observatory has among its 
membership quite the peers for age and experience of any other observ- 
atory of the country, and they are fully able to cope with the prob- 
lems in astronomical science that such an institution as this is called 
upon to discuss. History will show that of the number of astrono- 
mers who have become eminent in this branch of work the Naval 
ObservatotT has contributed quite its share of able men who first 
learned their profession here, or if they did not learn it, gained lai^ely 
the experience which enabled them to take a pi'ominent stand in scien- 
tific research. At the present time the Observatory has within itself 
a club or small astronomical society wherein, at weekly meetings (out- 
side of office hours), all the literature of the day pertaining to astro- 
nomical research is reviewed and discussed by its members. This 
method of becoming thoroughly acquainted witn the present state of 
astronomical science furnishes a much better basis for planning the 
future work of the Observatory than can be obtained from consulta- 
tion with the limited number constituting the board of visitors during- 
tbe few hours devoted by them to the inspection of the Observatory. 
Moreover, the members of thfe staff are, as a rule, active participants in 
the assemblies of the American scientific associations, and thus gather 
information which can be used for the betterment of methods and are 
not forced to consider questions which are by their very nature stamped 
as impracticable. As evidencing the unreliability of suggestions sub- 
mitted, based upon imperfect knowledge, reference is made to the fol- 
lowing extracts, which explain themselves: 

lEitrect from report of Boud of VWlore la Navftl ObMrralory, IMl.] 

As examples of special researches that might have been taken up under such a 
system may be mentioned the comparison atars for Victoria and Sappho proposed 
% Doctor Gill in 1889, and the comparison Btara selected by the Astrophotogiiphic 
Conference of 1900 for observations of Eros. 

[EitncC tnnn Superintendeiit'B leport, 1902.] 

This leaves the clear imputation that this work has not been done at the Observa- 
tory. In point of fact, not only have all these observations been made but those of 
the comparison stars for Victoria were actvially made in part by a memtjer of the 
board of viwtors, then an assistant at the Naval Observatory. His signature occurs 
in the original record books of this work. The Observatory holds the official receipt 
of Doctor Gill, and Doctor Gill himself publicly acknowledges this member's share of 
the work, (A Determination of the Solar Parallax and the Mass of the Moon, by 
David Gill, LL. D., etc. Annals of Cape Observatorv, Vol. VII, p. 559.) Thisaincie 
example is a vivid illustration of the attitude of the board of visitors toward the 
Observatory. Nor is this the only instance of the board's ignoring work actually 
performed, with a similar imputation. 
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UHlVBBSlTiT OF MICHIGAN, ASTRONOMICAL ObSBRTATORV, 

Ann Arhor, May S6, iSOS. 
The Superintendent op the Naval Observatory. 

Sir: Referring to the last report of the SuperintendeDt of the Naval Obaervatory, 
and to that part in which the board of visitors is criticised for stating that obeerva- 
tione might nave been made at the Observatory of the Victoria and Sappho com- 
parison stars when they actuallv had been made, I regret very much that such a slip 
occurred. Now I remember about talcing part myself in the observations. These 
were made some twelve years ago under the direction of Professor Eastman, who, of 
course, planned the work for bis assistants. 

The report of the board of visitors was made up of the reports of separate com- 
mittees, the portion referred to coming from the committee on scope of work and 
oi^nizatiou, of which I was not a member. Mane^ng in this way, it was almost 
necessary to assume that all statements of fact had been verified by the proper com- 
mittee. I certainly did make this assumption. Moreover, the scheme of work is 
put in the report in a tentative way for further discussion. 

Very respectfully, A. Hall, Jr. 

TOTAL SOLAR ECLIPSE OF 1905. 

There will occur on August 30, 1905, a total solar eclipse, one of 
those important events in which the Naval Observatory has always 
taken an active interest. Already astronomers in Europe and 
America have begun to prepare to observe this interesting phenome- 
non, and I have submitted an estimate which will allow the Govern- 
ment to take its usual part in what has become a recognized affair of 
state among the principal nations of the world. As is generally the 
case, the section covered by this eclipse of the sun is not near our 
doors. With the large area covered by the United States we have 
more than our share of such visitations, but in this case, as in the last 
important eclipse of the sun, it is necessary to go afield to observe it. 

Spain seems to be the best country in which to observe the coming 
eclipse, for there it has a length of totality of over three and one-half 
minutes and occurs near midday, when the sun is high in the heavens, 
thus affording favorable atmospheric conditions. 

It is extremely desirable that the Naval Observatory should take its 
usual share of the work incident to this important event, but it is ques- 
tionable if it is wise to detach such a large number of the staff to act 
as observers as has been customary heretofore, even if economical 
reasons did not force themselves into the issue. I believe that the 
English plan of observing eclipses would procure better results at less 
expense. The Admiralty, recognizing the great importance to science, 
has established a practice of detailing a vessel of tne English navy to 
form the basis of an expedition to observe eclipses of the sun. 

Sir Norman Lockyer, in writing of the contribution of the English 
navy to science, has said: 

It has long been one of the glories of the British navy that, more than any other, it 
has been employed in exploration and investigation, and in this way has done service 
to mankind by promoting the arts of peace. 

And further: 

Without the assistance ot the officers and men of H. M. S. Melpomene our work at 
Viziadrug (observing the eclipse of 1898) could not have been done. 

The same mij^ht be said of our own service and of the U, S. S. Gen- 
eral Alava, which carried the Naval Observatory party from Manila 
to Sumatra in 1901, The history of the Navy will show the impor- 
tant part assigned to our ships and oflScers heretofore, but as the utili- 
tarian purposes of eclipses are for the Nautical Almanac, I would 
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suggest that the crews be used as a body in observing them. Not only 
can our ships be used as tiansports, but their well-drilled complement 
of officers and men should in the main handle the instruments for 
obser\'ations. It is thought that one of the vessels of the European 
Squadron could, say for the month of August, 1905, he spared to pre- 
pare for and take part in the observation of the total eclipse which 
occurs on August 30 of that year in Spain. 

I have already been engaged in a preliminary study of the path of 
totality crossing the Spanish peninsular, and am assured by prominent 
astronomers of that country of a cordial reciprocity of ways and 
means for carrying on the work. Such a naval expedition would, I 
am convinced, be of marked political benefit to the two countries, and 
the time would be opportune to associate ourselves with the Spanish 
people on a peaceful mission of this character. I shall later submit a 
plan in detail for carrying out this desirable object. At present I 
briefly refer to the subject &a a means of calling attention to the mod- 
erate amount of money called for in the estimates and to explain that 
it is based on the use of the personnel of one of our men-of-war for 
making a large share of the observations, as well as the ship herself 
aa a station ship. It will then be necessary only to send a small num- 
ber of experts from the Observatory to act as instructors and directors 
in the work. As thus organized most of the money estimated for may 
be used for the purchase of new instruments. Those which were 
formerly used were constructed for the Transit of Venus Expedition * 
in 1874 and 1882. They are now obsolete and' worthless for scientific 
purposes. 

REPORTS OF HEADS OF DEPARTMENTS. 

As the detailed reports of the different heads of departments are 
submitted herewith, it does not seem necessary to state more than that 
the plan of work therein described was prescribed by the Superin- 
tendent's orders and the results meet with his approval. 
Very respectfully, your obedient servant, 

C. M. Chester, 
Bear-Admiral, U. S. Mxvi/, 
Superintendent of the Naval Observatory. 
The Chief op the Bureau of Equipment, 

Navy Department. 



THE 26-INCH EQUATORIAL. 

Sir: I have the honor to submit the following report on the work 
of the 26-inch equatorial during the year ending June 30, 1903: 

The 26-inch equatorial was in charge of Prof, T. .J. J, See, U. S. 
Navy, from July 1, 11)02, to September 20, the date of his detachment 
from the Observatory, when I was placed temporarily in charge. On 
October 14 I was fonnally transferred from the division of meridian 
observations to assume charge of the 2ti-inch equatorial. 

At the time of his detachment Professor See had nearly concluded 
a series of observations of the satellites of Saturn, which was sus- 
pended, aa it was not thought best to complete it with a different 
observer. OqIc 
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The distribution of the work of the instrument among the observers 
has been as follows; Professor Skinner, double stars anJ variable stars; 
Mr. Dinwiddie, the satellites of Neptune and Uranus; Mr. Frederick, 
the satellites of Saturn. Both Mr. Dinwiddie and Mr. Frederick have 
made observations of comets and asteroids. Photographs with the 
Dallmeyer camera mounted on the telescope have been made mostly 
by Mr. Peters and a few by Mr. Dinwiddie. 

1 have necessarily devoted a large amount of my time during the 
year to work in connection with the preparation of the catalogue of 
the AstronomiseheGesellschaft zone —13° 50' to —18° 10', which work 
is referred to in greater detail by Professor Eichelberger in his report 
on the computing division. 

STATE OF THE INSTRIJMENT. 

The instrument is in excellent working condition. During the year 
just closed a new system of electric wiring has been installed in the 
26-inch equatorial building, A switch board has been placed in the 
hall to control all the lights in the building. From this board a circuit 
is run to a second switch board on the elevating floor, which controls 
all the h^hts in the dome and on the instrument.. The 110-volt com- 
mercial lighting circuit is now used for everything, thus doing away 
with the batteries formerly emploved for the micrometer lamp. 
Standard lamps have been substituted for the special lamps heretofore 
used in the illumination of the circles and the micrometer. Resistances 
for varying the brightness of both sets of threads of the micrometer 
are placed under the floor and controlled by rheostat switches on the 
switch board. This system of wiring was planned and installed by 
Mr. Dinwiddie, 

It is highly desirable that an electric motor be provided for turniDg 
the 45-foot dome, and also that some scheme may be devised for ojwr- 
ating the automatic electric winding ap[>aratus of the telescope driving 
clock, which has been useless since the introduction of the alternating 
electric current. The adoption of these labor-saving devices will tend 
to improve the quality of the observing by lessening the expenditure 
of energy required in operating the instrument and its accessories. 

OBSERVATIONS OF SATELLITES. 

The satellites of J/ar«.— The conditions during the opposition of 
Mars of 1903 were unfavorable both from the position of the planet 
and from the atmospheric conditions, and no satisfactory observations 
could be obtained. 

Obserrs- 
The eatellitee of Saturn: Uodb. 

Tethye-Mimas 31 

TethyB-EnceladuB 38 

Dione-Tethya 46 

Ehea-Tethys 38 

Titan-Tethya 32 



Titan-Bhea 44 

Hyperion-Titan 22 

lapetus-Titan 29 



Total., 
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The satellites of Uranua: 

TitaniA 

Oberon-Titania 

Oberon 

Total 

The satellite of Neptune . 
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ObBerra- 



Comete: 

b 1902(Penine) 41 

d 1902 (Giacobini ) 22 

a IKOa (Giacobini) 14 

Total 77 

Asteroids: 

Honoria(236) 3 

Chicago (334 3 

Roberta (335) 3 

Chloe(402) 2 

Tot^l 11 

MISCELLANEOUS OBSERVATIONS. 

During the year 2 measures were made of the diameter of Vesta, 
3 observations of comparison stars for (;omet b 1902, 240 observations 
of double stars, and 42 observations of variable stars. 

The DaU/iney&F camera. — Twenty photographs have been taken with 
tbis camera, principally for deriving from them places of asteroids to 
facilitate observations with the 26-inch and 12-inch equatorials. 

The total number of obuervations, including photographs, made 
during the year, as shown by this report, is 823. 

The amount of work done on the instrument has been materially 
influenced by the notably unfavorable weather for astronomical work 
which has prevailed durmg a large part of the year. 

The coTistants of the instruineni. — Mr. Frederick has devoted much 
time to the development of methods and the determination of the con- 
stants of the instrument at frequent intervals during the year. He 
has made 30 determinations of these constants and has shown that the 
instrument posflesses a very high degree of stability. 

Diffei'enttal refractio7t.—'Mr. Frederick has been engaged in pre- 
paring tables for correcting observations made in this latitude for 
differential refraction. One set of these tables is arranged for differ- 
ences of right ascension and declination, and the other set for position 
angle and distance. The computation of these tables, which are about 
one-half completed, has entailed a large amount of labor. 

PERSONNEL. 

T. J. .1. Sec, professor of mathematics, U. S. Navy, in charge July 1 
to September 20, 1902, the date of his detachment from the Observatory. 

A. N. Skinner, pi'ofessor of mathematics, U. S. Navy, temporarily 
in charge September 20 to October 14, 1902. In charge from October 
14, 1902. 

W. W. Dinwiddle, assistant in spectroscopic work. 

15054—03 2 , I,,. Goc^lc 
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O. W. Frederick, assistant on the 26-inch equatorial. 
Gustave Harrison, laborer. 

I desire to call special attention to the faithfulness and skill of Mr. 
Harrison in the performance of his duties, which require an order of 
intelligence mucn above that of laborer. I take pleasure in re<'om- 
mending him for promotion should opportunity offer. 
Very respectfully, 

A. N. Skinner, 
Profemor of Mathematics, U. 8. Navy,-' 
The Superintendent of the Naval Observatory. 



THE DIVISION OF MERIDIAN OBSERVATIONS. 

Sir: I have the honor to submit the following report on the work of 
the division of meridian observations for the liscal year ending June 
30, 1903: 

The division of meridian observations was in charge of Prof. A. N. 
Skinner, U. S. Navy, until October 14, 1902, at which date I was 
placed in charge. 

THE 6-IKCH TRANSIT CIRCLE. 

This instrument has been used throughout the year for making 
observations of the sun, moon, planets, and miscellaneous stars, under 
the dii-ection of Prof. F. B. Littell, U. S. Navy. The plan has been 
to have this work carried on by three observers. Those engaged in 
the work during the year are Prof. A. N. Skinner, U. S. Navy, until 
October 14, 1902; Prof. F. B. LitteU, U. S. Navy; Assistant Astron- 
omer H. L. Rice, and Computer W, M. Brown. 

Prof. M. Updegraff, U. S. Navy, until his detachment on September 
20. 1902, assisted by Computer J. C. Hammond, made observations on 
selected lists of zodiacal stars furnished by Sir David Gill. The obser- 
vations that had not been secured up to this date were made later by 
Computer J. C. Hammond, assisted by Computer H. R. Morgan. 
All tnese observations were made on the fi-inch transit circle at times 
when it was not needed for the regular sun, moon, and planet work. 

The number of observations from July 1, 1909, to June 30, 1903. is 
as follows: 

Ephemerie stare 

Sun 

Mercury 

Venus - 

Saturn 

Uranus 



Pallaa! ! 



Zodiacal stars 872 

Screen stare for jjersonal equation. 128 

Stars tor inclination 24 

MiHcellaneoua stars *) 



THE 9-INCH TRANSIT CIRO-B. 



The repairs spoken of in the annual report of last year have been 
completed, the great difficulty experienced in obtaining satisfactory 
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steel for the new pivot ringa havinji^ delayed this completion many 
months. 

The divisions of Circle B, regnwJuated by Mr, George N. Saegmulter 
in 1893, but which has not been used since that date, have been refilled 
by Mr, Saegmiiller. 

The illumination of the field of the telescope is now effected by means 
of a small mirror cemented centrally upon tne outer face of the object 
glass, thus securing axial instead of the former unsymmetrical oblique 
illumination. The prism which formerly, receiving the light as it 
entered through the nole in the pivot, reflected it upon the field of the 
telescope micrometer has been turned around so as to throw the light 
upon the small mirror on the object gla^s. While this small mirror 
was being adjusted so that the light would be thrown axially down the 
telescope tube, it was impossible to secure sufficient brilliancy of field 
with the old sources of light, a Welsbach gas burner and an ordinary 
32-candlepower incandescent electric lamp. A satisfactory source o£ 
illumination was found in a 50-candlepower Nernst incandescent electric 
lamp. During the experiments with the illumination it was discovered 
that stray light was thrown upon the field of the micrometer from the 
sides of the telescope, so that another diaphragm must be inserted. 

Each reading microscope is now provided with an individual electric 
lamp for illuminating the circle, 

A slight inequality of the pivots was revealed by the use of the 
spherometer-caliper and a series of measures with an axial collimator 
for the determination of their irregularities is in progress, 

A new telescope -micrometer ana a new chronograph have also been 
provided. 

The pier for the south meridian mark ha.s been finished, and when 
observations are resumed with this instrument a north and a south 
mark will both he used, 

THE CLOCK SYSTEM AND CLOCK VADLT. 

A year ago attention was called to the fact that the temperature 
coefficient in the daily rate of the clock Howard No. 404 was 0',06 
per degree Fahrenheit. The clock was undercompensated, though the 

iars furnished by the makers were filled with mercury. As soon as 
assumed charge in October correspondence with tne E. Howard 
Clock Company was entered into, resulting in a new pendulum being 
ordered with longer jars. The new pendmum has been received, but 
as it vibrated with a wabbling motion instead of in a plane, it was 
returned. The makers have not vet succeeded in correcting this 
defect. The old pendulum to this clock also wabbles slightly. 

In January there was ordered for the Observatory one of Riefler's 
best astronomical clocks with a nickel-steel pendulum and inclosed in 
a glass air-tight case. Notice has been received of its shipment from 
Munich, but it has not yet arrived at the Observatory. 
The temperature control in the clock vault is fairly satisfactory. 
Very respectfully, 

W, S. ElCHELBEBOER, 

Professor of Mathematics, TJ. S. Havy, in Charge. 
The Superintendent of the Naval Obsekvatokx. 

,11, Google 
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THE PRIME VERTICAL TRANSIT AND THE 6-INCH ALT-AZIMUTH. 

Sir: For the year ending June 30, 1903, the following is respect- 
fully submitted ss the report upon the astronomical work in my 
department: 

PRIME VERTICAL TRANSIT. 

The instrument has remained in practically good order during the 
year, but will soon need a general cleaning and a few minor repairs. 

The level tube was given its periodical t«st in the winter months, 
and the results have proven the tube to be a good one. In the sum- 
mer of 1898 a test was made of it and a value of 1".14 for each 
division obtained. The test given on the trier in February gives as 
the value of one division 1 .16. It will thus be seen that in ten 
years the level tube has remained in a normal condition and has not 
changed. 

The instrument has been devoted during the year to observ- 
ing the close zenith stars upon the plan followed in the past, as 
well as securing positions of the fainter stars, mention of which was 
made in my last annual report. It had been expected that observa- 
tions of these fainter stars would be finished late in the fall, but od 
account of cloudy weather a few between four and six hours of right 
ascension need one or two observations to complete them. 

With the instrument there have been made 481 observations of 
transits, which hasasitsequivalent in the meridian, 1,924 observations. 
It seems proper at this time to call attention to the fact that our prime 
vertical has now the world's record for a continuous series of observa- 
tions with that form of instrument. From July 28, 1893, to June 30, 
1903, slightly less than ten years, there have been made, bv one and 
the same observer, 1,018 observations of the passage of « Lyra 
across the prime vertical, an average of slightly less than one obser- 
vation every four days for that entire period. It has never been 
equaled by any other observatory in the world. 

The reduction of the prime vertical transits are now completed to 
January 1, 1901, and they are entered en the reduction sheets to 
October 29, 1902. The chronograph record is transcribed by the 
observer to the observing books within a day or two after the observa- 
tions have been made. He has also transcribed the original record to 
the reduction sheets, and then turned them over to the computing 
division for completion. 

AZIMLTH MARK FOR THE PRIME VERTICAL TRANSIT. 

The pier upon which the long focus lens is mounted, and the house 
to cover the same, as well as the mark and its house, have been com- 
pleted during the year, and this auxiliary apparatus is now in use. 
The long focus lens was made bv Brashear, and the mounting by the 
Warner & Swasey Company. T^e lens is of 5 inches aperture and 325 
feet focal length, thus oeing about 0.2 of an inch larger in aperture 
than the lens m the transit. The pier upon which the lens is mounted 
is one of the marble piers upon which the collimators for the 8.5-inch 
transit circle were mounted when that instrument was in position at 
the old Observatory. It is placed upon and embedded in a concrete 
footing, 3 by 3 feet, and 4 feet in the ground. The top of the pier 
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10 by Jr inches cut into it, and in this has been 
embedded in concrete an iron plate. 1 inch thick, to which the lens 
mounting is secured by large anchor bolts. The face of the mounting 
is provided with a transverse motioo, by means of a screw, and the 
change of the lens with respect to the mark can be read from a scale 
on the face of the mounting, and divided head fastened to the end of 
the screw. Once the lens is properly adjusted a set nut locks it with 
respect to the screw and prevents any accidental change of the same. 
The pier upon which the mark is placed is bo the east of the instru- 
ment, as that direction gave promise of better conditions than to the 
west. 

The pier is made of brick laid in cement. It is 3 by 3 feet, 3 feet in 
the ground and 2 feet above the same. The top of the pier is a con- 
crete cap, 3 inches thick, in which the four bolts holding the mark 
are embedded. After a careful study of the absolute stability needed 
in this pier the observer was of the opinion that the conjunction of 
brick and concrete would give a mass lesH liable to different expansive 
effects than capping the pier with a marble slab. 

The ventilation in the nouses covering the lens and the mark appears 
to be very satisfactory, the houses bemg louvre work, yet built so 
that neither rain nor snow can beat into them. 

The depression of the mark below the horizontal line of the tele- 
scope is 4" 24'. The line of sight from the telescope to the mark 
pa.sses over the grass on the lawn, and in days of very high tempera- 
ture the image appears free from a marked mirage. 

ALT-AZIMUTH. 

The observer has continued to observe with this instrument, used 
as a vertical circle, a list of stars selected from those recommended by 
the Paris Conference, mention of which was made in my last annual 
report. The selection includes all stars in that list whicfi are not now 
incorporated in the nautical almanacs, and which can be observed from 
our latitude. I have also included all circumpolars whose north decli- 
nation exceeds SC^. Of these there have been made during the year 
764 observations. This gives about .HO per cent more observations 
than were made with the two instruments last year, and was due to 
the able assistance I received for about half the year, mention of which 
will be made shortly. In this connection it maj' be well to state that 
it occupies just twice as long to observe a star with the vertical circle 
as it does with a meridian circle, because each time a star is observed 
its zenith distance is measured over twice the arc on the circle that 
would be used were the observation made with the meridian circle. 

On January 19, 1903, Mr. H. B. Evans, of the Nautical Almanac 
Office, at his own request, was assigned by the Superintendent as an 
assistant observer on this instrument. The plan haa been for Mr. 
Evans to observe on three nights each week and the obsener in 
charge on the other nights. This has not been followed in the past as 
strictly as it will be in the future on account of the need of finishing 
up the list of stai-s being observed with the prime vertical. However, 
Mr. Evans has, in a most commendable manner, put in his three nights 
per week, in addition to his other duties in the Nautical Almanac 
Office, ana his tour of observing has been from three to four hours on 
those nights when he observed. It is unnecessary for nie to say that 
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1 consider him a careful and accurate observer, for his work will 
demonstrate that. 

ALT-AZIMUTH HOUSE. 

The observer feels that it is propei- to call attention in this report to 
the need of a larger house for covering the instrument. The present 
one, as is known, was intended only as a temporarj' house, and it is 
not adapted to the needs of the instrument. 

Very respectfully, Geo. A. Hill, 

Asvittiaiit Astronomer, in Charge. 

The SUFERINTENDENT OF THE NaVAL ObSEKVATOBY. 



THE 12-lNCH EQUATORIAL AND COMET SEEKERS. 

Sir: The operations with the 12-inch equatorial telescope and comet 
seekers during the twelve months ending June 30, 1903, are tabulated 
herewith: 

Measures of diameter of Venus 2 

Measures of diameter of Mara 10 

Measures of diameter of Neptane 16 

Measures of Jupiter's satellites 34 

Observations of the phenomena of Jupiter's satellites 13 

Observations of asteroids; 

(6) Hebe 4 

(91 Metis 5 

{111 Parthenope ■. 4 

(12) Victoria 5 

(16 ) Psyiihe 5 

(17) Thetis 5 

(18) Melpomene 4 



(24) Themis 

129) Amijhitrite 

(39 ) Laetitia 

(42) Isis 

(43) Ariadne 

(60) Echo 

(68) Leto 

(69) Hesperia 

(78) Eurynome 

(83) Beatrix 

(129) Antigone 

(230) Athaniantis 

(387) AquitAnia 

(402 Chloe 

(405) Thia 

(432) Pythia 

Total 

Obeervations of comet 6 1902 (Perrine) 

Observations of t'Omet a 1903 (Giatobini) 

Obeervations of comet c 1903 (Borelli) 

Observations of occultations of stars by the moon 

Observalionaof double stars 

Observations of Nova Geminorum 

Obeervations of zone stars 

Observations of screw value, constants, etc nights.. 

Number of visiturs received 

Number of evenings devoted to visitors 

Number of nights telescope was employed 

Numtjer of nights 5-inch comet seeker was employed ,... 
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With the exception of three asteroids, the asteroid observations 
were all made bv Computer J. C. Hammond, to whom great praise is 
due for his careful and persistent labor in this field. 

The comet seeker has been used by Photographer George H. Peters 
when his other duties gave him opportunity on favorable nights to 
search for new comets or for the return of old ones. 

I am also indebted to Mr. C. W. Frederick and Mr. Hammond for 
valuable assistance in determining the constants and screw value of 
the instrument. 

Respectfully submitted. 

Theo 1. King, 
Asvisiant A»trm\<nn&r, in Charge. 

The Superintendent of the Naval Observatory. 



THE 40-FOOT PHOTOHELIOGRAPH. 

Sir: During the year ending June 30, 1903, the sun has been pho- 
tographed on two hundred and two days and solar spots observed on 
these plates on ninety-nine days. This exhibits a considerable increase 
in the number of spots compare*! with the previous year, and indicates 
a rapid return toward the period of sun-spot maximum. The tem- 
perature readings and scale settings have been continued with this 
instrument for tne me&surenient of focal variations and the solar pho- 
tographs of best definition used for an improved determination of this 
curve. 

Very respectfully, 

Geo. H. Peters, 
I'Juitographer^ in Charge. 

The Superintendent of the Naval Observatory. 



THE COMPUTING DIVISION. 

Sir; I have the honor to submit the following report on the work 
of the computing division for the fiscal year ending June 30, 1903: 

The observations made with the W-inch transit circle and those made 
with the 6-inch transit circle are reduced to May 12, 1903, and the 
printer's copy is prepared from January 1, 1900, to April ^2, 1903. 

The observations made with the prime vertical transit instrument 
are reduced through 1901, except the reduction to mean place for the 
last year, and those made during 1902 are now being reduced. 

Miscellaneous computations on the reduction of the equatorial obser- 
vations have been made whenever such have been furnished by the 
gentlemen in charge of the two equatorials. The reductions of the 
observations made from 1893 to 1900 with the 9-inch and 1^-inch equa- 
torials have been cheeked. 
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The Astronomische Gesellschaft catalogue of the stars observed at 
the United States Naval Observatory in tne zone —13'^ 50' to — 18°10' 
is in process of formation. The stars in this zone contained in Lalande's 
Histoire Celeste, BessePs Zones, Argelander's Southern Zones and 
Munchener Sternverzeichniss I and Iliiave been selected and are being 
reduced to 1900.0 for comparison with our positions. The precessions 
and secular variations for 1900.0 for the catalogue are about half fin- 
ished. This work is being carried on under the direction of Professor 
Skinner, and much of it is being done by him personally. 

Some work has been done in revising the Washington Zone Observa- 
tions of 1846-1849 preliminary to forming a general catalogue, A list 
of over 2,000 errors in the published zones has been furnished the 
Observatory by Prof. J. C. Kapteyn, and another list of over 500 
errors by Dr. F. Kistenpart. These, together with the list of nearly 
500 errors given by Prof. E. Weiss in Annalen der Kaiserlichen KOnig- 
lichen Universitats-Sternwarte in Wien (Wahring), Band V, are being 
investigated by consulting the onginal records. 

The copy of the original zone observations, which was sent to the late 
Doctor Gould and used by hiin in the final reductions, is still in the 
possession of the Observatory. A comparison of this with the original 
records has revealed nearly 2,000 errors. Many of these were sus- 
pected by Doctor Gould and the corresponding changes made by him 
as indicated in his notes, but not infrequently the error in copying has 
misled him in his identification of particular stars. Consequently all 
changes made by him as indicated in his notes are being examined. 
. These various pieces of work have been completed for the mural 
zones and about one-third completed for the transit- instrument zones. 
The stars in this portion of the work have to a large extent been 
compared with the Cordoba Genei-al Catalogue and zone corrections 
obtamed for each zone to reduce it to the Cordoba system. The 
reduction of the stars of the Cordoba Catalogue to 1850.0, the epoch 
of the Washington 2ones, has been done bv Professor Littell. 

The 7,000 unpublished observations of 1847, 1848, 1851, and 1852 are 
yet to be reduced. 

It is imperative that this work should be pushed to the utmost, so 
that it may beincluded in the History of the Fixed-Star Heavens, which 
is being prepared by Dr. Friedrich Ristenpart, of Berlin, and I wish 
to again strongly urge my recommendation of last year that Congress 
be asked to increase the computing force of the Observatory. This 
increase is needed not only to finish this and other work of a genera- 
tion or more ago, but the last ten years' work with the two equatorials 
and with the prime I'ertical transit instrument should be published. 
The reduction.s of the observations with these instruments are well 
advanced, but much labor must be expended in preparing them for 
the press and In reading the proof. 



Since the last report, Volume HI, Publications of the United States 
Naval Observatory, Second Series, has been published. Two hundred 
and thirty pages of Volume IV are in type, and the entire manuscript 
for Volume V has been sent to the printer. 
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PERSONNEL. 

The following members of the Observatory foree have been attached 
to the computing division at some time during the vear ending June 
30, 1903: 

Computer William M. Brown. 

Compjiter .Tohn C. Hammond, 

Computer Everett I. Yowell, for six months. 

Computer Herbert K. Morgan. 

Computer Eleanor A. Lamson. 

Miscellaneous Couiputer Clara M, Cpton, for two months. 

Miscellaneous Computer Arthur B, Turner, for six weeks. 

Miscellaneous Computer Lelia J, Harvie, for six weeks. 

Miscellaneous Computer Etta M. Eaton, for eight months. 

Miscellaneous Computer John R. Benton, for eight months. 

Miscellaneous Computer Ella A. Merritt, for seven months. 

Miscellaneous Computer Hamuel F. Rixey, for four months. 

Miscellaneous Computer Delonza T. Wilson, for five months. 

Miscellaneous Computer Charles E. Yost, for two weeks. 
Only a portion of the time of Mr. Brown and Mr. Hammond is 
spent in the computing division, the remainder being devoted to 
making observations. 

The large number of miscellaneous computers is due to frequent 
changes, the regular number being 4, 

Very respectfully, 

W. S. PilCHELBERGER, 

Professor of Matlietnatim, TI. S. Navy, in Charge. 

The SUPEBINTENDENT OP THE NaVAL ObSBRVATORT. 



Sir: I have the honor to submit the following report on the library 
for the fiscal year ending June 30, 1903: 
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Of the accessions, 357 were received as exchanges and 213 were 
purchased. 

The following publications were distributed: 

Publications, ^cond Series, Volumes II and III. 

Meteorological observations made dui-ing the yeai-s 1891 and 1892. 

Report of the Superintendent for 190^. 

During the year all the serials in the rotunda were catalogued and 
the class marks placed upon the cards and books. The catalogue of 
the sections of general science, physics, chemistry, mechanics, works 
of reference, astronomy, geodesy, weights and measures, and mathe- 
matics is now complete. The books and pamphlets in the old record 
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room are yet to be cataloged, but as most of tbem are of a nature 
which will require comparatively little research in the work, it is 
expected that the catalogue of tne entire library will be completed 
within six months. 

Very respectfully, 

Wm. D. Hoeigan, 

Librarian. 
The Superintendent op the Naval Observatory. 



DEPARTMENT OF THE NAUTICAL ALMANAC. 

Sir: I have the honor to submit the following report of the opera- 
tions of the Nautical Almanae Office for the fiscal year ending June 
80, 1903: 



The following publications were received duiing the year from the 
Government Printing OiHce: 

The American Ephemeris and Nautical Almanac for 1906, first 
edition, 1,000 copies. 

The American Nautical Almanac for 1006, first edition, 500 copies. 

The American Ephemeris and Nautical Almanac for 1903, second 
edition, 700 copies. 

The Pacific Coaster's Nautical Almanac for 1903, first edition, 1,706 
copies. 

The American Nautical Almanac for 1903, second edition, 2,300 
copies. 

The American Ephemeris and Nautical Almanac for 1902, third 
edition, 100 copies. 

distribution of publications. 

During the fiscal year ended June 30, 1903, the sale and distribution 
of publications were aa follows: 
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The proceeds of sales, amounting to $1,749.83, have been deposited 
with the Treasurer of the United S^tes to the credit of public printing. 



THE AMERICAN EPHEMERIS. 



The current work of this office is fully up to date, the computations 
for the American Ephemeris for 1907 are practically completed, and 
the American Nautical Almanac for 1907 is all in type. These pub- 
lications will be ready for issue on January 1, 1904, the earliest date 
authorized by law. 
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To guard more fully against errors, a much larger part of the work 
has been computed in duplicate than in former years. 

HISCEIJ.ANEOU8. 

Satisfactory progress has been made upon the work of constructing 
new tables of the satellites. 

I beg leave to renew my recommendation (hat a small appropriation 
be made to purchase desk books and logarithmic tables to replace 
those worn by constant use, the contingent fund not being available 
for this purpose. 

Attention is invited to the rearrangement of salaries as submitted in 
the estimates for the fiscal 3'ear ending June 30, 1905. It is believed 
that this schedule represents more nearly the needs of this oflSce and 
will result in attracting skilled and competent men to fill the three or 
four vacancies that have almost continuously existed during the past 
two years. 

Very respectfully, 

Walter S. Harshman, 
I^ofessor of Mathematicit, U. S. Naiyy, 

Director Naiitical Almanac. 
The Superintendent of the Naval Observatory. 



DEPARTMENTS OF CHRONOMETERS AND TIME SERVICE, OF NAUTICAL 
INSTRUMENTS, AND OF STOREKEEPER, 

Sir: I beg to submit the following report of the work of these three 
departments for the fiscal year 1902-3: 

Owing to the lack of officers and assistants needed for the proper 
conduct of the work, it has been necessarj', in order to utilize the avail- 
able force to the best advantage possible, practically to merge the three 
departments into one. Even so, only the most pressing duties have 
been accomplished. To do all the work and keep the records properly 
would require a much larger force, and it is strongly recommended 
that an effort be made to secure the detail of more officers and the 
employment of at least two expert civilian assistants, one more clerk 
and stenographer, and two expert packers. 

Mr. E. A. Boeger, computer, served as an assistant by detail from 
the computing division up to June 1, 1903, when he was appointed a 
clerk, class 2. His long experience as a computer and in connection 
with nautili instruments and the time service render him peculiarly 
valuable in his newposition. Whatever time he has been able to spare 
from his regular duties has been devoted to the inspection of sextants 
and other nautical instruments, in which he is an expert. 

Mr. E. I. Yowell, computer, was detailed from the computing divi- 
sion on January 14 as an assistant in the department of chronometers 
and time service and rendered very valuable service during the remain- 
der of the fiscal year, being in practically complete charge of the trial 
of chronometers from January to June, work requiring great skill, 
accuracy, and attention. At the close of the year he was enabled to 
resume his astronomical work by the detail of Mr. H. R. Morgan, 
computer, in his place. 
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Owing to the great increase of work with the increase of the Navy, 
the services of at least two expert packers are urgently needed in 
connection with the unpacking, nandUng, storage, and repacking for 
shipment of nautical instruments, the value of which depends largelv 
upon their receipt in perfect condition at the station or vessel to which 
they are shipped. At present this important work is necessarily 
intrusted to laborers, who have, in addition, to attend to other laborious 
duties about the building^and grounds. 

THE CHRONOMETER TRIAL. 

The regular annual chronometer trial began on January 2 and ended 
June 22, with the result that 22 new chronometers passed successfully 
and were accepted. The accompanying tabular statement gives com- 
plete data of the trial for all the chronometers that obtained a trial 
number of 25 or better. Most of the old navy standards that were 
entered were withdrawn for issue before the trial ended. It is very 
desirable, however, to have every standard chronometer put througn 
this test after being cleaned and repaired, in order to find its relative 
value before issue, but to do so will require a larger supply than is 
now available. 

It will be noted that chronometers with hairsprings of palladium 
as well as steel were entered in this trial, but the Bureau's specifica- 
tions as now amended provide that steel shall be used until further 
experience with palladium has satisfied the Bureau that it is as reliable 
as steel. In trials at the Observatory it does very well, and gives a 
fatter rate-curve and better record, but there is still a question as to 
its permanence and durability in actual service. 

The new specifications provide also for a severer test for "green" 
chronometers, or those not well seasoned, as shown by an accelerating 
rate, and require a better trial number for those a<!cepted. Formerly 
a trial number of 25 was the vorst accepted, but hereafter no chronom- 
eter with trial number greater than 16 will be accepted except in an 
emergency, and never greater than 25. 

The temperature rate curves of all the chronometers that pas.sed the 
trial are shown on Plate I, and Plate II gives a gmpbic representation 
of the four quantities whose sum makes the trial number. By com- 
paring these two plates with the data of the tabular statement a clear 
idea can be obtained of the relative merits of the various chronometers 
and of the qualities in which each excels or is deficient. The effect of 
the palladium hairsprings is also very plainly indicated, so much so 
that with a little study they can readily be pointed out upon a glanse 
at the graphic records. 

TKIAL OF TORPEDO-BOAT WATCHES. 

Plate III illustrates graphically the results of a comparative test of 
two chronometers ana torpedo-boat watches aboard the destroyers 
Decatur and Barnny from June to October, 1902, held foi- the express 
purpose of ascertaining by practical trial at sea, under service con- 
ditions, the relative merits of the two types of timekeepers for use 
on board of torpedo boats and destroyers. The diagrams show that 
the watches dia nearly as well as the chronometers, and that the 
chronometers followed their Observatory rate-curves as well as could 
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Fourth Class. 




GRAPHIC REPRESENTATION OF THE FOUR QUANTITIES WHOSE 
SUM MAKES THt TRIAL NUMBER, CHRONOMETER TRIAL, U. S. 
NAVAL OBSERVATORY, JANUARY 2 TO JUNE 22, 1903. 
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be fairly expected, under such difficult conditions of active cruising 
in this type of vessel. The tabular statements accompanyinjf the 
plate give orief but complete data of the trial. 

ship's chbomometek records. 

A new edition of the infitructions and blank forms for the care 
and record of chronometers and watches aboard ship has been prepared 
and published, under your direction and with the approval of the 
Bureau, in which an effort has been made to state briefly and clearlv 
the most important precautions to be taken, and to provide blank 
forms best adapted foi' their records. 

THE TIME SKHVICE. 

The time service has continued regularly to send out daily tele- 
graphic time signals at noon, seventy-fifth meridian time, with an 
average error for the year of only 0*.15, The widespread importance 
of this service is shown by the fact that it furnishes absolute standard 
time not only for navigators at all the principal seaports, but for the 
entire country except the Pacific coast, which gets a similar signal from 
the naval observatory at the Mare Island Yard. Moreover, all of this 
invaluable service is rendered to the country at no expense whatever 
to the Government, inasmuch as it ie merely incidental to the work and 
the facilities required for the rating of chronometers for naval vessels. 

To illustrate tne wide distribution of this time signal, it is of interest 
to record the fact that it goes out dailv over the wires of the Western 
Union Telegraph Company, the Postal Telegraph Company, the Ameri- 
, can Telephone and Telegraph Company, the electrical department of 
the District of Columbia, and the National Electric Supply Company. 
There are now 18 Ciovernment time-balls and some 40,000 public and 
private clocks corrected daily bv naval time signals. The wires of 
the American Telephone and Telegraph Company and of the elec- 
trical department of the District of Columbia were connected during 
this fiscal year, and an arrangement has been made, by means of an 
electric sounder in the telephone room, to give the exa<.^t time by 
telephone at any time of day or night to anyone who calls up the 
Observatory. 

Shortly before New Year's day a suggestion was made to the tele- 
graph companies that they transmit the usual series of signals to end 
at midnight and thus announce the exact moment of the beginning of 
the new year. The Western Union Telegraph Companj' took up the 
matter with great interest and energy, and the series of signals was 
sent out at midnight, 1, 3, and 3 a. m., so that each great section of 
the country might get its own midnight signal direct f i-om the Naval 
Observatory at Washington. The plan was carried out verv success- 
fully and elicited so much general interest that it seems advisable to 
repeat it every New Year^ eve hereafter, and I would recommend 
further that an effort be made, by eliciting the cooperation of other 
telegraph and cable companies, to send it all over North and South 
America, to our most distant colonies, and perhaps all around the 
world, wherever telegraphs and cables extend and the necessary 
cooperation can be secured. 

The receipt of the midnight signal was accurately timed at the Lick 
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Observatory, California, and a report made to this Observatory show- 
ing that it took but O'.OB in transmission. The fact that this su^es- 
tion by the Observatory was taken up so willingly and the results 
greeted with such enthutiiasm shows how stronp^ly it appealed to the 
sentiment of the country, and if such sentiment be strong enough to 
enlist the cooperation of telegraph and cable companies to send similar 
signals around the world next New Year's eve, it seems well worthy of 
the slight trouble required on the part of this Observatory. Although 
such signals can not be transmitted automatically from land lines to 
long cable lines and vice versa, yet with expert manual transmission 
there need be little or no delay, and barring accidents the midnight 
signal could doubtless be sent around the world and back to the Observ- 
atory in a very few seconds of time. Such a New Year's greeting 
from Washington to the entire civilized world, sent out oflScially, but 
carried everywhere by public-spirited cooperation of private compa- 
nies, would have a powerful, even if only sentimental, mfluence. 

A similar experiment was tried at it p. m., June 16, upon the occa- 
sion of the visit of the executive board, consisting of Doctor Walcott, 
Admiral Bowles, General Crozier, Doctor Pinchot, and Mr. Garfield, 
in order to illustrate the possibilities of the time service as perfected 
by the Observatory in cooperation with the Western Union Telegraph 
Company. The signals were sent all over the United States and even 
beyond its limits, to Toronto, the City of Mexico, Habana, and thence 
to San Juan and Kingston, Jamaica. A report from the Toronto Ob- 
servatory the following day stated that it was timed there and agreed 
within 0'.20 of their standard clocks. This experiment, together with 
the fact that our daily noon signals are now sent regularly to Habana 
over the short cable from Key West, shows that time-balls can be 
established at all of our naval stations in the West Indies and dropped, 
regularly by the noon signal from this Observatory. 

NADTICAL INSTRUMENTS. 

The work of the departments of nautical instruments and store- 
keeper is best shown by the following tabular statement of instru- 
ments issued, purchased, and ordered during the fiscal year. All of 
them, of course, require very careful inspecton to see that they come 
up to the Bureau's specifications in every respect. 

Sore* issued, purchased, and ordered by tfw etorekeeper' > department. 
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Storea iamed, purefcwerf, and orderedhy thf ttorekeeper't deparlmeiU — Continued. 
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In addition to the large Qiimber of new instrument)} purchased and 
issued, many others are returned from ships and naval stations for 
repair and re-issue. This work of repair might properly and econom- 
ically be done at this Observatory at least to a large extent, and I 
understand that it is your wish that this shall be done in future. No 
more central point could well be selected than this, as re^rds nautical 
instruments to be sent to and received from naval vessels and stations 
along our Atlantic coast by inland lines of communication, which 
alone can be depended upon in time of war, and the quality and char- 
acter of this sort of repair work are precisely such as is required in 
connection with astronomical and other instruments of precision used 
at an observatory. It is thus both reasonable and economical to have 
every necessary facility provided for doing almost all of it here by 
experts whose services are required also for the inspection and tiial of 
new articles of the same or similar type. 
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BOARDS OF INSPECTION, TRIAL, AND SURVEY, 

The regular board of iDSpection, of which Prof. F. B. Littell, U. S. 
Navy, is senior member, assisted by, according to the character of the 
instruments to be inspected, Assistant Astronomer T, I. King, Instru- 
ment Maker H. C. Cleve, Computer {after June 1, 1903, clert class 2) 
E. A. Boeger, Photographer G^ H. Peters, or Computer E. I. Yowell, 
has made the various inspections required from time to time of new 
and repaired instruments. 

Other boards have met as follows: 

December 16, 1903, for the survey and appraisal of damaged stock 
on hand: Prof. F. E. Littell, V. S. Navy, Computer E. A. Eoeger, 
and Photographer G. H, Peters. 

February 2 and March 5, 1903, for the competitive trial of prismatic 
binoculars: Commander C. J. Badger, U. S. Navy, Lieut. Commander 
E. E, Hayden. U. S. Navy, Lieut. G. W. Logan, U. S. Navy, and 
Prof. F. B, Littell, U. S. Navy, with Computer E. A. Boeger as 
recorder. 

April 4, 1903, for the competitive trial of high-grade and surveying 
sextants: Lieut. G. W. Logan, U. S. Navy, Prof. F. B. Littell, 0. S. 
Navy, and Computer E. A. Boeger. 

May 11, 1903, for the revision of the specifications for purchase of 
ships' chronometers: Lieut. Commander C. C. Kogers, U. S. Navy, 
Lieut. Commander E. E, Hayden, U. S. Navy, and Lieut. Harry 
George, U. S. Navy. . 

ACCOUNTS OP STOREKEEPER. 

The work of this department, consisting in the bookkeeping con- 
nected with chronometers and other nautical instruments, as well as 
with many other accounts of the Obsei-vatory, has been kept up with 
difficulty on ac^^ount of the lack of sufficient clerical assistance, but it 
is gratifying to know that it has met with the approval of both the 
Bureau of Equipment and that of Supplies and Accounts, and that 
all accounts with contractors, naval shitions, and vessels have been 
audited and approved as they have been made out and submitted. 
Several changes have been recommended in the specifications for ihe 
construction of various instruments and such changes have generally 
been approved by the Bureau of Equipment. The old stock lists for 
regular allowances of stock to be kept on hand at this Observatory 
and at the Mare Island Navy-Yard have been carefully revised, the 
new lists approved by yourself and the Bureau, and requisitions made 
to pi'oeure the necessary supplies; and, finally, the Bureau has directed 
that all nautical instruments turned in by ships at the various naval 
stations and not reserved for use and issue are to be returned to this 
Observatory for examination and I'epair. ' 
Verj- respectfully, 

Edward Everett Hayden, 
Lieutenant- Commander, U. 8. Nwvy, in Obai-ge. 

The Superintendent of the Navai, Observatory. 
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REPORT 

THE SUPERINTENDENT OF THE 
NAVAL OBSERVATORY. 



United States Naval Obsbbvatory, 

Washington, D. C, July 1, 190^. 
Sib: I have the honor to submit the annual report of the operations 
of the United States Naval Observatory for the fiscal year ending 
June 30, 1904: 

PLAN OF WORK. 

The plan of work was laid out at the beginning of the year on the 
broad ground as contemplated by the law and the instructions of the 
Department, and has in the main been continued as then specified in 
the Superintendent's order which was prepared, after mature consid- 
eration of the probabilities of the period covered by this report, by the 
plan of work committee, of which the Superintendent is the chairman. 

PERSONNEL. 

The foUowingchanges among the officers andemployeeshaveoccurred 
since the last report: 

Commander J. M. Robinson, U. S- Navy, reported for duty August 
10, 1903. 

T. I. King was transferred from assistant astronomer, department of 
astronomical observations, to piecework computer, department of the 
Nautical Almanac, November Ui, 1903. 

John C. Hammond was promoted from computer to assistant astron- 
omer November 24, 1903. 

F. E. Millis, assistant, died August 1. 1903. 

H. B. Evans was promoted from assistant at $1,000 per annum to 
assistant at $1,200 per annum, August 12, 1903. 

A. B. Turner was promoted from miscellaneous computer to com- 
puter April 28, 1904. 

J. R. Benton, miscellaneous computer, was transferred to the Bureau 
of Standards July 1, 1903. 

Arthur Snow was appointed typewriter September 21, 1903, and 
promoted to assistant at SI, 000 per annum, June 13, 1904. 

Charles N. Moore was appointed miscellaneous computer October 3, 
1903. 

Alice M. Gray was appointed miscellaneous computer October 22, 
1903. 

Jesse Pawling, jr., was appointed miscellaneous computer October 
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Ella A. Merritt was appointed miscellaneous computer December 
28, 1903. 

Florence A. Graves was appointed miscellaneous computer Decem- 
ber 28, 1903. 

Matt Frederiekson was appointed miscellaneous computer March 
80, 1904. 

Perez Fisch was appointed miscellaneous computer April 8, 1904. 

Arthur Newton was appointed piecework computer June 20, 1904. 

L. A, Richards wag apjwinted temporary mii^ceUaneous computer 
January 28, 1904, and again appointed May 31, 1904. 

Stephen F. McMahon, fireman, resigned July 15, 1903. 

Ben Wbeeler was appointed fireman October 9, 1903. 

V. Muehlliaus, jr., was tmnsferred from watchman to laborer June 
1, 1904. 

E. M. Eowe was transferred from laborer to watchman June 1, 1904. 

H. C. Lemon, laborer, resigned April 7, 1904. 

Herbert S. Murdoch was appointed laborer April 8, 1904. 

C. S. Thomas, messenger ooy, resigned March 13, 1904. 

J. H. Nelson was appointed messenger boy April 1, 1904. 

Mr. William Henderson, watchman, died May 21,1904, after several 
weeks' illness. He was born in Scotland in 1846, and was for thirty- 
six years an employee of the Naval Observatory, first as d laborer, 
from 1868 to 1882, then as a watchman to the date of his death. 

Mr, Hendei-Bon enlisted in the United States Army at the outbreak 
of the civil war, and was wounded in the battle of Fredericksburg, 
Va. On the expiration of his enlistment he reenlisted and servw 
until the close of the war. His father, also a Union soldier, was 
killed by his side in the battle of Fort Fisner. 

Mr, Henderson's ser\'ices to the Naval Observatory have been of 
much value. For many years, in addition to his duties as a watchman, 
he took part in keeping the meteorological journal of the Observatory, 
and his faithful attention to duty has added to its prestige as one of 
the oldest and most complete meteorological records m the Government 
service. His pei-sonal character has been one for emulation, and the 
Observatory and his associates will feel his loss for many years. 

OEGANIZATION. 

Slight changes have been made in the organization of the Observfl^ 
tory as experience has dictated, and it stands at present as prescribed 
bv the Regulations of the United States Naval Observatory issued by 
the Department January 25, 1904, -as follows: 

OFFICE OP THE SUPERINTENDENT. 

Clerk, Thomas Harrison; stenographer, Mrs. A. P, R. Auhagen. 

ASTRONOMICAL BRANCH. 

A. Department o^ astronomical observations. — Division of equatorial 
instruments (26- inch and 12-inch equatorials) : Professor of Mathe- 
matics A. N. Skinner, in charge; Assistant Astronomer J. C. Ham- 
mond, Assistant on Fquatorial C. W. Frederick, Assistant in Spectro- 
scopic Work W, W. Dinwiddie. 
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Division of meridian instruments (9-inch and (j-inch tran^iit circles): 
Professor of Mathematics W. B. Eichelberger, in charge; Assistant 
Astronomer H, L. Rice, and Computers W. M. Brown, E. I. Yowell, 
and H. R. Morgan. 

Division of the alt-azioiuth instrument: Professor of Mathematics 
F. B. Littell, in charge. 

Division of the prime vertical transit instrument: Assistant Astrono- 
mer G. A. Hill, in charge. 

The Photoheliograph : Photographer G. H. Peters, in charge. 

Librarian W. D, Horigan. 

Coniputers for the department: Computers Eleanor A. Lamson and 
A. B. Tarner, and Miscellaneous Computers Etta M. Eaton, Alice M. 
Gray, Florence A. Graves, Ella A. Merritt, Perez Fisch, and Matt 
Frederickson. 

The miscellaneous computers have been changed from time to time 
as candidates became available, the appropriation of $4,000 for niis- 
cellaneouid computations providing for an average of four computers. 

B. Dejiartment of the Nautlml 4^m«nac.— Professor of Mathe- 
matics Walter S. Harshman, director; Assistants H. B, Hedrick, W. 
Auhagen, J. Robertson, H. G. Hodgkins, J. H. Root, G, B. Merri- 
man, W. T. Carrigan, H. B. Evans, E. D. Tillyer, and Arthur Snow, 
and Piecework Computers R. Buchanan, Mrs. E. B. Davis, A. Doolit- 
tle, Mrs. H. F. M. Hedrick, B. Keith, Janet McWilliam, T. 1. King, 
and A. Newton. 

NAUTICAL BRANCH. 

A. Department of nauti^ialinstruments. — Commander J. M. Robin- 
son, in charge; Clerk E. A. Eoeger, acting assistant. 

B. Department of chronaiuetei-s and thie service. ~\Ae\i.t. Com- 
mander E. E. Hayden, in charge; Miscellaneous Computer C. N. 
Moore, acting assistant. 

C. Department of magnetism. — Photographer G. H. Peters, tempo- 
rarily in charge. 

PUBLICATIONS. 

During the fiscal year ending June 30, 1&04, Volume V, Publications 
of the United States Naval Observatory, Second Series, has been 
issued. 

As showing the contributions to astronomy in general other than 
that shown in governmental publications, the following list of arti- 
cles made public is submitted: 

In Cassier's Monthly, May, 1904: " Scientific work of the Navy," 
by Rear-Admiral C. M. Chester, U. S. Navy, Superintendent. 

In the Pi-oceedings of the United States Naval Institute, Vol, 
SXIX, No. 3: "Chronometer rates," by Lieut. Commander E. E. 
Havden, U. S. Navy. 

fn Popular Astronomy, August-September, 1903: "A method of 
obtaining the focal point of a lens of long focus," by G. A. Hill. 

In the Astronomische Nachrichten, Nr. 3806: " Recent observations 
of the declination of Groombridge 1830," by G. A. Hill. 

In the Astronomical Journal, Nos. 542-543: "Observations of 
minor planets," by J. C. Hammond; "Observations of the satellite 
oi Neptune," by W. W. Dinwiddle; " Observations of comet d 1902 
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^Giacobini)," by W. W. Dinwiddie; " Observationis of comet b 1902 
(Perrine)," by C. W, Frederick. 

In the Astronomical Jouitial, No. 545: "Elements and ephemeris 
of comet c 1903 (Borreliy)," by H. R. Morgan and Eleanor A. 
Lamson. 

In the Astronomical Journal, No. 546: "Observations of comet c 
1903 (Borreliy)," by T. I. King. 

In the AstronomicalJournal, No. 547: " Observations of minor plan- 
ets," by J. C. Hammond; " Observations of Brooks's comet {1889 V)," 
by C. W. Frederick. 

In the Astronomical Journal, No. 551: "Error in the planet (15) 
Eunomia in the Jahrbuch for 1905," by J. C. Hammond and W. W". 
Dinwiddle. 

In the Astronomical Journal, No.. 532: " Observations of comet and 
minor planets," by T. I. King; "The instrumental constants in equa- 
torial work," by C W. Frederick. 

In the Astronomical Journal, No, 554: "Observations and circular 
elementij of planet (1898 DW),*' by W. W. Dinwiddle. 

In the Astronomical Journal, No. 555: " Observations of the satel- 
lites of Uranus," by W. W. Dinwiddie. 

In the Astronomical Journal, No. 556: "Observations of minor 
planets," by W. W, Dinwiddie; "Observations of minor planets," by 
C. W. Frederick. 

In the Astronomical Journal, No. 558: "Observations of minor 
planets," bv J. C. Hammond ; "Observations of Brooks'scomet (1889 V) 
=(^1903,"'by C. W. Frederick. 

In the Astronomical Journal, No. 559: "Observations of the satel- 
lites of Saturn in 1903," by C. W. Frederick. 

In the Astronomical Journal, No, 561: "Observations of comet a 1904 
(Brooks)," by J. 0. Hammond; "Elements and ephemeris of comet 
«1904 (Brooks)," by Everett I. Yowell. 

In the Astronomical Journal, No. 562: "Observations of comet a 1904 
(Brooks)," by J. C. Hammond; "Elements and ephemeris of comet 
a 1904 (Brooks)," by Everett I. Yowell; " Observations of minor plan- 
ets." by W. Walter Dinwiddie, 

In the Astronomical Journal, No, 663: " Note on a probably new 
minor planet," from a letter of Rear- Admiral 0. M. Chester; "Ephem- 
eris of comet a 1904 (Brooks)," by Everett I. Yowell. 

In the Astronomical Journal, No. 564: "Provisional elements of 
the minor planet {1904 NY)," by J. C. Hammond; "Photographic 
positions of minor planets," by G. H. Peters. 

In Harper's Weekly, December 19, 1903: "Photographing the Sun," 
illustrated, by George H. Peters. 

In Popular Astronomy, June-July, 1904: " Elements and ephemeris 
of comet «1904 (Brooks)," by Everett I. Yowell. 

The following paper was read by Professor Eichelberger before the 
Astronomical ana Astrophysical Society of America, St. Louis meet- 
ing, 1903-4: "The pivots of the 9-incli transit circle of the United 
States Naval Observatory." 

The following article has been communicated to the United States 
Naval Institute for publication: "Work of the Naval Observatory," 
by Rear-Admiral C. M. Chester, U. S. Navy, Superintendent. 
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DEPARTMENT OF ASTRONOMICAL OBSERVATIONS. 

DIVISION OF EQII4TORIAL INSTRUMENTS. 

From the schedule of or^nization it will be seen that the chai^ of " 
the two equatorial instruments has been placed under one head, which 
permits a more harmonious distribution of the work between the 
observers and a more economical use of their time. Observations of 
an occasional character, such as those of comets, etc., can be doubled 
if necessary or given to the instrument that can best be spared for 
them or is the more suitable for the purpose. Being engaged on 
observations of a similar character the observers can by this arranee- 
ment be the more readily transferred from one instrument to the other 
in case either instrument is undergoing repairs. Professor Skinner 
has succeeded in getting the best results from the combination. 

The 26-inch equatorial has remained in the efficient condition reported 
at the end of the previous year, and its utility has been considerably 
increased by devoting more time than formerly to the location of 
asteroids. The attachment of the Dallmeyer camera to the telescope 
has enabled Mr. Peters, the photographer of the Observatory, to 
establish the identity of a number of asteroids by photography, there- 
by saving much of the time that was given to the laborious and often 
ineffectual visual method. Such observations, which usually require 
an exposure of photographic plates of about an hour, enable the 
astronomer to distinguish the images of fixed stars, which show as 
dots, from those of members of the solar system, which are indicated 
by trails. The positions thus approximately determined are then given 
to the observers on the equatorial instruments, who with the telescope 
and the micrometer obtain accurate positions of these heavenly bodies. 
The report of Professor Skinner shows what a large contribution of 
asteroid observations has been made to astronomical science during 
the past year through the untiring efforts of Messrs. J. C. Hammon^ 
G. H. Peters, and W. W. Dinwiddie. A quotation subsequently made 
from' a letter received from the eminent astronomer Dr. H. C. Chandler 
will testify to the appreciation of their efforts by the astronomical 
world. 

But it is not abstract science alone that is advantt^ed by this inter- 
esting study of asteroids, for it has a direct bearing and application to 
the theory of planetary motion, which forms an important part in the 



Owing to the extreme faintness of many of the asteroids that have 
demanded investigation, it Is only by means of the largest instruments 
that these can be observed, and indeed some bf them are so excessively- 
faint as to elude detection altogether. It was for the purpose of observ- 
ing very faint objects, especially the delicate work of determining the 
positions of the numerous satellites of the major planets, that Congress- 
appropriated the money for the purchase of tbe '26-inch equatorial, the 
installment of which broug'ht to the Observatory a large portion of its 

Srestige and to Prof. Asaph Hall, U. S. Navy (retired), his fame as the 
iscoverer of the satellites of Mars, 

As this instrument is still one of the largest equatorials in the world, 
it seems eminently proper that it should be employed with effect in 
giving to navigational astronomy the factors which enter into the 
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problem of the masses of the planets and hence their motions in apace. 
As there are but few observatories engaged in the study of asteroids, 
astronomers have been led to fear that some of the vast group of 
known minor planets— now numbering something over 500 — may be 
lost. The perturbations in their orbits create difficulties in the solu- 
tion of the problem, and unless the larger observatories retain their 
hold on them, as the Naval Observatory is doing, their fears may be 
realized. 

Mr. C. W. Frederick has durinj;; the year, in addition to routine 
work, contributed a valuable investigation on constants of equatorials 
that has been well received by the astronomical people of the country. 

The 12-inch equatorial is not in as good a condition as I could wish, and 
while it is hoped that improvements can be made, the cloclt mechanism, 
if not entirely reconstructed, is likely to continue a factor of weak- 
ness. One of the drawbacks to the output of work with this instru- 
ment is that it is used regularly by the public on one night of each 
week, and on additional special evenings m order to accommodate the 
large number of scholars in the District of Columbia who are study- 
ing astronomy, Mr, Peters has taken charge of the visitors admitted 
by permit during the past year, and he has by his explanations of the 
objects shown through the telescope made the evenings interesting and 
instructive. 

In addition to the care of this division of the department of astro- 
nomical observations and his duties as an observer, Professor Skinner 
has continued to devote a large amount of time to the preparation of 
the catalogue of the Astronomische Gesellschaft Zone, which covers 
the section" of the heavens between 13" 50' and 18° 10' south declina- 
tion, a contribution which the Observatory agreed several years ago 
to make to the material for a general catalogue of the stars to the 
ninth magnitude. 

DIVISION OF MERIDIAN INSTRtTMENTS. 

The division of meridian instiiiments has remained in the charge of 
Professor Eichelberger, and his administration is commended. 

In addition to the repairs on the 9-inch transit circle, which have put 
the instrument in first-class condition, a south meridian mark has been 
mounted. This, in conjunction with the north mark, affords a deter- 
mination of the collimation independent of the collimators and greater 
a«cura«y in the determinations of the azimuth. 

The work of this division includes the determination of the right 
ascension and declination of the sun, moon, and planets, the stars of 
Newcomb's Suggested List of Fundamental Stars, and others that are 
required for Nautical Almanac purposes. 

In layinff out the work of this division for the year it became appar- 
ent that while two good instruments were available — the 6-inch and 
9-inch transit circles — better results would accrue by concentrating 
the limited number of obser\'ers on the 9-inch transit circle, whicb 
was just in from the repair shop, where it had been for nearly two 
years, and leaving the 6-inch transit circle for such incidental work as 
might be called for. The great advantage of concentrating the obser- 
vers upon one instrument is the saving of the time that would bfi 
necessary for the determination of a second set of constants, which 
time can be devoted to obtaining additional observations. 
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The excellent record of this division, having nearly 12,000 observa- 
tions to its credit, a larger nuinber than was ever obtained before at 
the Observatory in any one year, even when both instruments were in 
use, shows the wisdom of the arrangement considering the number of 
observers available. If a suitable force is given the Obaervatory to 
complete the reductions of the observations made, another fact, that 
tie arrangement ia conducive to the saving of time in making the 
reductions, will also be demonstrated. 

The clock system of the Observatory, upon which all our right 
ascensions depend and upon which so much time has heretofore been 
expended, has during the year been given serious attention. One of 
my first duties as Superintendent of flie Observatory was to purchase 
from Clemei|S Riefler, of Germany, one of his best clocks. These 
clocks are the exponent of the most advanced thought and inventions 
of the age, but they must be manipulated with intelligence and pains- 
taking care, or they become valueless. After this clock was set up and 
adjusted in the clock vault Professor Eichelberger and Mr. Cleve, the 
instrument maker, gave it their constant attention. One difficulty 
after another was met and overcome, but there are apparently inherent 
fault*) in the mechanism of the electric winding whicn only the makers 
can remedy, and it has been returned to Riefler for correction. 

Soon after the Observatory clock was purchased the Bureau of 
Equipment purchased four other clocks of a similar character from 
the same maker. One was sent direct to the naval station at Cavite, 
Philippine Islands, and another has been shipped to Sitka, Alaska, 
By the Bureau's direction the other two, one intended for Tutuila 
and one for Guam, wei'e received at the Naval Observatory for test 
and adjustment. The Guam clock has been ^et up in the clock vault 
and the Tutuila clock in the clock room. Thus the Observatory has 
been provided for the time being with three of the most modern clocks 
known to the professipn. These have all contributed to our knowl- 
edge of clock mechanism, and Professor Eichelberger's persistent 
efforts to get them into the most efficient condition is most creditable. 

The work formerly done in a computing division is now carried on 
under the general supervision of the committee on editing and print- 
ing, with the head of the division of meridian instruments as member 
arid secretary. This plan is naturally suggested, as the amount of 
reductions in the division of meridian instruments greatly exceeds 
that in all the other divisions, while it brings into cooperation all the 
heads of divisions in arranging the work in narmony with the various 
interests. 

A demand has long existed for a catalogue from the Washington 
Zone observations made at this Observatory in the early yeare of its 
existence, and this work has been taken up from time to time, only 
to be dropped in order that the small force might keep up with the 
current work. A moral obligation rests on the Observatory to pub- 
lish this data in a completed form for the benefit of science, and it is 
hoped that it may not again be necessary to entirely drop it from the 
routine work of the Observatory until its final completion. 

The publications of the Observatory have followed each other in 
rapid succession since the beginning of the century. During the few 
years immediately preceding 1900, when no ObseiTatory volumes 
were issued from the press, the entire time of the computing force 
was devoted to the reduction of observations. The use of a portion 
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of the computing force in preparing copy for the printer and in read- 
ing tb© proof incident to the issue of the Observatory volumes, as is 
now necessary, lessens the amount of computing done. Furtber, tbe 
reduction of a single month's observations of tbe past year could not 
be completed by the existing force in seveiul months' time. In con- 
sequence of the necessities due to printing and of the large number of 
observations accumulating the current work is falling rapidh' into 
arrears, and hence I urgently request that tbe estimate of $10,000 for 
miscellaneous computation may receive favorable consideration. 

DIVISION OF THE ALT-AZIMUTH INSTRUMENT. 

Id December, 1903, 1 decided upon the reorganization of the depart- 
ment of astronomical observations, as noted heretofore. It seemed 
that the three professors of mathematics stationed at tbe Observatory 
and the one assistant astronomer who had for several years been in 
charge of instruments were the natural heads of divisions. Mr. G. A. 
Hill, assistant astronomer, was at the time not onlv in charge of both 
the 5-inch steel alt-azimutb instrument and the prime vertical instru- 
ment, but was the sole observer on these inatniments. He had com- 
pleted nearly eleven years' observations of the nineteen that form tbe 
period of the revolution of the moon's node, and it seemed that this 
important series of obsei'vations, rarely if ever so continuously carried 
on oy one person, should receive his undivided attention. I tnerefore 
subdivided bisdivision, and placed the charge of the alt-azimutfa instru- 
ment in the hands of Professor of Mathematics F. B. Littell. 

From July 1 to December 1, 1903, Mr. Hill continued his vertical 
circle observations of stars of a list selected from those recommended 
by the Paris Conference of 1896 for publication in the nautical alma- 
nacs of the United States, Great Britain, France, and Germany, and 
Sublished in tbe Astronomical Papers of the American Epbemeris and 
aiitical Almanac, Volume VIH, Part H, Newcbmb's Suggested List 
of Fundamental Stars. 1 would add that Mr. Hill was loath to give 
up the charge of the alt-azimuth instrument, in which he had taken so 
much pride and which he had most energetically and efficiently handled 
for nearly six years for the best interest of the Observatory. 

The work laid out foi- the instrument under the new management 
was to take up the observation of all tbe stars of Newcomb's Suggested 
List of Fundamental Stars, culminating here at zenith distances less 
than 75^^. 

As always in tbe ca.se of a change of obser\'ers on a telescope, a 
study of tlie instrument bad to take place. This work was carried on 
as expeditiously as possible, and soon active operations began, although 
the observations made since the reorganization have not been sufiicientiv 
reduced to determine the quality of the results. That thehard and intel- 
ligent work of Professor Littell with this instrument will bear fruit well 
worthy of the high character maintained by this Observatorj-'s records 
can not be doubted. 

DIVISION OF THE PRIME VERTICAL INSTRUMENT. 

In the division of the prime vertical instrument, Mr. Hill has con- 
tinued his series of observations for the purpose of obtaining the varia- 
tion of latitude and corrections to the constants of aberration and 
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nutation. He has completed nearly eleven years of the nineteen that 
form the period of the revolution of the moon's node. 

Mr. Hill has finished the list of 390 stars which he has been observ- 
ing on the prime vertical. Of these, 26 are contained in the Suggested 
List of Fundamental Stars, prepared in the Nautical Almanac Office, 9 
are contained in the list being observed at the International Latitude 
Stations under the direction of the German geodetic service for the 
purpose of obtaining the variation of latitude, and 15 are contained in 
the lists used by Professor Doolittle, of the Univeraity of Pennsylvania, 
Philadelphia, in his latitude determinations. These recent observa- 
tions will afford excellent material for improving the present knowledge 
of the star places and their proper motions. 

THE PHOTOHBUOGRAFH. 

Mr. G. H. Peters, photographer, in charge of the photoheliograph, 
has continued to photograpn the surface of the sun each clear day of 



the year, to obtain a record of the spots which appear on its disk. The 
continuous record made by him of several yeai-s' duration not only 
affords a study of the solar surface upon which scientists have devoted 
much thought, but since such changes as are observed there are con- 
nected very intimately with the changes which take place in the mag- 
netism of the earth, which in turn Tias a direct induence upon the 
compasses which guide our ships safely from port to port, the impor- 
tance of this photographic work to the Navy itself is apparent. Unfor- 
tunately, owing to the close proximity of an electric-car line the work 
of the magnetic observatory that was connected with this station for 
many years was discontinued, but this has not lessened the necessity 
for continuing the important work of solar photography. 



The library has continued in charge of the efficient librarian, William 
D, Horigan. 

The value of this library as a standard for reference on scientific 
subjects is recognized not only by other departments of the Govern- 
ment, but by institutions of learning situated in Washington and 
elsewhere in the United States. 

Soon radical changes will have to be made in its quarters to meet 
growing necessities, and to provide suitable accommodations for some 
of the most valuable publications belonging to the Government which 
are among its contents. 

DEPAETMENT OF THE NAUTICAL ALMANAC. 

The efficient work of the Nautical Almanac department has been 
maintained, and its force has been able to keep the current work up 
to date. About one-half of the American Ephemeris for 1908, and 
the same amount of the American Nautical Almanac for 1908 is in 
type, thus insuring their issue on January 1, 1905, the earliest date 
authorized by law. 

Attention is called to the report of the Director of the Nautical 
Almanac recommending legislation governing the issue of a sufficient 
number of publications to supply the needs of the Navy Department, 
which is approved. , -, , 

-, iiX.oo^lc 
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DEPAETMENT OF NAUTICAL INSTRUMENTS. 

Ab shown in the report of its head, the work of thia department haa 
greatly increased and is increasing. As there was no naval otficer 
available for assignment aa the head of this depai-tment up to August 
10, 1903, from the time of the Spanish war, the duties of this depart- 
ment were carried on in connection with those of the department 
of chronometers and time service. The work, therefore, mainly fell 
upon a force of one computer from the department of astronomical 
observation and a clerk detailed from the buperintendent's office to 
assist in the preparation of specilications, estimates, vouchers, bills of 
lading, reports, etc.. incidental to the purchase, inspection, care, and 
issue of about $100,000 worth of the most delicate nautical instruments. 

When Commander Robinson, in the early part of the year, was 
ordered to duty at the Naval Observatory be wa.s assigned to the 
vacant position of head of this department; and Mr. E. A. Boeger, who 
had been taken from the computing division to carry on the work of 
the department, having in the meantime been appointed a clerk in the 
Supermtendent's office to fill a vacancy, was contmued as the sole civil 
employee in the department, which duty he has very energetically and 
satisfactorily performed, Mr, Boeger has become by experience an 
expert in testing nautical instruments, and it is desirable to retain bis 
services in this department. 

To carry on this important work I have provided in the annual esti- 
mates for an assistant in this department at a salary of $1,600 per 
annum, and respectfully urge that the position and salary may be pro- 
vided tor. It should be understood that duties in this depai'tment 
include not only the care and inspection of valuable instruments, but 
also all the labor usually performed by a staff of clerks at navy-yards 
in the purchase and inspection of the same and their issue to the fleet, 
A comparison of our force with that of any station which handles a 
like amount of material will show how inadequate is the force here, 
and when the character of the supplies is taken into consideration the 
proportions show markedly in favor of an increase for this station. 

About 250 sextants alone, which have been inspected at the Obser- 
vatory for the Navy during the past year, have required the continuous 
services of one person for about seventy-five days, and this amount of 
time, lengthened out by the various incidental calls on the depart- 
ment, has acted to lock up money which contractors have a right to 
expect thirty days after the delivery of supplies. 

Recently the Treasury Department has made rulings regarding the 
payment for transportation of supplies which have added materially fo 
the clerical work incidental to their issue to the fieet, and the Depart- 
ment must expect delays in executing shipment orders, or furnish the 
means of complying with them. 

DEPAETMENT OF CHRONOMETEES AND TIME SERVICE. 

Particular attention is called to the report of the head of the 
department of chronometers and time service. The importance of 
this department of the Naval Observatoiy can not be overestimated. 
- This Observatory, like its prototype, the Royal Observatory of Eng- 
land, was founded for the purpose of establishing the position of ships 
at sea, and hence the inspection, purchase, and rating of chronometers, 
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by means of wbicb the longitude in obtained, have always been essential 
features of the work of both observatories. While the longitude may 
be obtained approximately without the appliances furnished by this 
department, yet navigation has become so dependent upon the use of 
chronometers that it would be a suicidal policy not to tit out ships with 
those which may be called standard in every respect. 

The demands of our increased fleet have added quite as much pi-o- 
poi'tionately to the work of this department as to that of any other 
department in the Navy. Not only has the number of chronometers 
been greatly increased, but the means of determining their accuracy 
here and the determination of their errors in service have so developed 
as fully to double the demand for personal attention. Kepeatedly 
reports are received here relating to chronometer on board of the 
different ships of the Nav^, and of special investigations that are being 
ean-ied on in at^tual service, but under the supervision of this office, 
that require to be studied and carefully recorded to form a complete 
history of each chronometer in the Navy. For instance, as the Bureau 
has been informed, the question of what is the best material to be 
used in the construction of the spiral hairsprings of chronometers is 
a very important one; whether to use steel in their manufacture, as 
has been done for a long series of years, or to take up palladium or 
acme allov that is claimed to l>e an improved combination of metals, 
must be decided very soon. The tests applied to chronometers at this 
Observatory show that palladium is less susceptible to the variations 
of temperature, which, as our ships go to all parts of the world, is an 
important factor in their care; but whether the material will retain its 
spring as long as steel is yet to be determined. 

American chronometer makers look to this department for scientific 
experiments in this and kindred subjects to guide them in their manu- 
facture, and a conclusion can be reached only after many years of 
investigation; hence the care that must be taken to keep the records 
complete and to follow up the experiments accurately and persistently 
for many j'ears. The force allowed to carry on this work is entirely 
inadequate. The test to which our chronometers, amounting to 
$40,000 or $50,000 worth, are subjected for a period of six months 
each year is a moat absorbing occupation. The head of the depart- 
ment, who has many other matters of importance to attend to besides 
chronometers, is provided with the services of only one assistant. One 
man can not, as a rule, owing to the demands of the astronomical 
department, be kept on this duty longer than six months. He there- 
fore hardly becomes familiar with his duties before he is withdrawn. 

When it is considered that so delicate are the chronometers supplied 
the Navy that the Government sends an experienced officer to carry a 
few of tliem, valued sav at $2,000 or $3,000, from point to point when 
necessary, at an annual expense for travel running up into niany hun- 
dreds of dollars, it does not seem consistent to have the ^0,000 or 
$50,000 worth of these instruments liable to be left in the hands of an 
inexperienced assistant, as the present system necessitates. 

I have provided in the annual estimates for the salary of one assist- 
ant for this department at $1,600, which is the very least force that 
can properly do the work. If approved, the person selected for this 
position should be a graduate from some horological institution, who 
could make slight repairs to watches and clocks, as well as carry on 
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the necessaiy computations relating to chronometers. When it is con- 
sidered that the traveling expenses alone of officers who must carry 
these delicate and expensive chronometers from point to point will run 
up into hundreds of dollars, it does not seem extravagant to recom- 
mend the services of one assistant at the moderate salary of $1,600 to 
care for them at the Observatory, especially when it is remembered 
that such allowance will restore to his regular duties the computer now 
detailed to the position at the expense of the astronomical work. 

I can not too strongly express my appreciation of the great amount 
and excellent character of work that has been done by Lieut. Com- 
mander E, E. Hayden, as his report shows, and 1 have felt guilty of 
neglect of duty in being obliged to furnish him with so small a force 
for meeting this imporhint part of the demands of the fleet. This duty 
alone, which calls for the continuous work of four or tive persons in 
institutions engaged in similar work to that carried on in this depart- 
ment, has, unhke them, another branch, which calls for a large share 
of the chief's attention. This is the time service of the United States, 
which is practically controlled by the Observatory, and which calls for 
incessant care. 

The adoption of standard time with, all its manifold advantages, is 
the outgrowth of efforts put forth and developed by naval officers on 
duty at the Naval Observatory. When the great possibilities of this 
system became apparent, the railroad companies of the country, appre- 
ciating its necessity to themselves, took up the matter and, working in 
harmony with this Observatory, produced the general plan which nas 
gradually been followed by the leading countries of the globe, and 
which all interested parties agree should be made universal. 

The scheme for sending a greeting and announcement on the esact 
instant of the birth of toe New Year to all parts of our country, as 
referred to in my last annual report, was so successful that it was 
repeated at the beginning of 1904, when it wae extended to reach as 
far as England, Australia, Alaska, and Argentina, thus covering nearly 
three-fourths of the civilized world. Indeed, but for the demands 
brought upon the great eastern telegraph systems by the disturbances 
in China, it is believed that these signals would have extended around 
the world, and such a result seems more than possible for the begin- 
ning of 1905. This scheme, proposed by Lieutenant-Commander 
Hayden, has been received, as bis report shows, with marked inter- 
est both at home and abroad. It all tends toward the general appre- 
ciation and adoption of a universal time system. As this country, 
more than any other, has helped to make international in character the 
adoption of- Greenwich as the initial meridian of this svstem, so it 
would seem that our people, as the recognized leaders in the establish- 
ment of standard time, should endeavor to make it universal. The 
effort to do so will be maintained and the prospect of consummation is 
very good, 

I take advantage of this opportunity to expiess my appreciation of 
the hearty voluntary cooperation of the various telegraph and cable 
companies in working so energetically and successfully with this 
Observatory in transmitting these special time signals over their lines, 
notably the great Western Union and Postal Telegraph companies and 
their connections. Perhaps with the development of wireless teleg- 
raphy it is not too much to expect that the day will come when not 
only every land station but every ship at sea will receive the daily noon 
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signal from our stand&rd clock, in which event practically all of the 
nncertaiDties of lon^tude determinations at sea will vanish. When 
that day comes (and it seems now to be entirely practicable) this clock 
may be heard in every land and on every ocean of the ptobe, and be 
available daily both for standard time and navigation everywhere. 

On the recommendation of the Superintendent, with the favorable 
indorsement of Rear-Admiral W. C. Wise, commander in chief of the 
U. S, Training Squadron, and others, the Department, on March 24, 
1904, established at Fort Monroe, Va., an office for the delivery of 
standard time from this Observatory to the fleet, which is often assem- 
bled in the waters of Hampton Koads, as well as to the large armv 
station located there. With the cordial cooperation of the commana- 
ing officer of Foit Monroe, which met with the approval of the 
Army and Navy General Board and the Secretaries of the two Depart- 
ments, a portion of a building on the Government wharf connected 
with the station was set apart for an office, and Lieut. Houston El- 
dredge, U. S. Navy (retired), was, by direction of the Navy Depart- 
ment, assigned to its charge. 

I have already set forth in a report to the Bureau the desirability of 
thus giving direct from Washington the means for rating chronome- 
ters to the large number of naval vessels which in peace times fre- 
quently congregate there, and which as a station in war times the}' are 
likely to use as a base from which to operate against the enemy. But 
I wish to call attention to the Valuable assistance which the Western 
Union Telegraph Company has given the service in estal)lishing this 
office by running its lines without expense to the Government from 
its main office at the Fort Monroe army post^-a considerable distance — 
to this office, and therein locating a sounder for the noon time signals 
sent out from this Observatory. 

I forego forecasting the benefits which must accrue to the Army 
and Navv by the establishment of this office, but I am sure that Lieu- 
tenant llldredge will so arrange its operations as to receive commenda- 
tion from both services, as well as from the large mercantile fleet 
which will use the plant. With the removal of the old Hygeia Hotel 
the time-ball formerly established there was discontinued, and it is 
hoped soon to reestablish it at this new time-signal station, for the 
benefit of the Navy and commerce, to both of which it is essential. 

DEPARTMENT OF MAGNETISM. 

The Government has an important magnetic station near Washing- 
ton connected with the United States Coast and Geodetic Survey, and 
it is the desire of myself as the Superintendent of the Naval Obser- 
vatory to make such exchanges of records as will best subserve the 
interests of the Geneml Government; but from outside of the United 
States, in the broad field covered by the ships of the American Navy 
and elsewhere, by exchangeof data, we are accumulating records which 
will be valuable for a study of the magnetism of the entire earth. 
Not only are our large ships equipped with magnetic instruments for 
securing observations of terrestrial magnetism in localities which they 
visit, but recently, by authority of the Department, the valuable mag- 
netic instruments that could no longer be used here were tmnsferred 
to Tutuila, Samoa, for use in connection with the astronomical observ- 
atory which is in process of construction there. The magnetic station 
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at Tutuila will 'cover a field from which there is as yet a dearth of in- 
formation bearing on the subject, and will thus supply data of great 
practical and scientific impoitance. These changes have IcBseued the 
importance of the magnetic department, which by the regulations is a 
part of this Observatory, and to which in former years two naval 
officers were generally detailed for duty; but as it is essential to assimi- 
late the records which come in from our own country with those 
received from abroad, 1 have detailed Mr- Pet«ra, the photographer, 
to its charge temporarily. 

In this connection I desire to call attention to the desirability of hav- 
ing the compass office, now located in the Navy Department building, 
associated with and made a part of this Observatory. The faet that ^1 
other navigational instruments, except compasses, issued to the vessels 
of the Navy come from this Observatory would logicail}- point to, the 
conclusion that this one instrument should also come from the same 
source, even if there were no other reasons for it. But as a direct 
connection has been shown to exist between sun-spot phenomena and ter- 
restrial magnetism, which governs both the theoretical study and prac- 
tical manipulation of compasses, it seems appropriate that the theory 
and practical knowledge relating to these important navigational instru- 
ments should go band in hand. 1 would therefore recommend that the 
compass office be removed to and become the department of magnetism 
in the Naval Observatory. Other recommendations in thisreporteover- 
ing the purchase of the Industrial Homie School property, if approved, 
would make this scheme feasible as far as quarters are concerned, or 
in any event temporary accommodations could be arranged to meet the 
necessities of the combination without materially affecting the other 
work of the Observatory, and at the same time make available for other 
use the quarters now occupied by the compass office in the overcrowded 
Department building. Many other advantages would foilow from such 
consolidation, such as abundance of space for opt-of-door observations, 
the presence of a skilled instrument maker to make slight repaii-s, the 
consolidation of shipments to vessels, and the association of experts 
working along similar lines. 

SUMMARY OF WORK. 
Inetroments— ' Otaervaiiona. 

26-ineh and 12-iiich equatorials 1, 377 

9-inch and 6-inch transit circles 11,754 

Alt-azimuth 1,495 

Prime vertical 314 

South trtinait (time eervice) 137 

Photoheli<^raph 210 

Total 15,287 

Chronometera, clocks, and watches inspected and rated 880 

Nautical instrumeute inspected 4, 245 

Visitors admitted by permit 1,087 

BRANCH OBSERVATORY AT TUTUILA, SAMOA. 

The establishment of a branch astronomical observatory at Tutuila, 
as outlined in m}' last annual report, has continued to receive my 
attention during the year. Early in the tiscal year the commandant 
at Tutuila, Commander Underwood, ordered a board to recommend a 
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site suitable for an a;strononiical observatory and magnetic house. 
The board, after careful consideration of the subject, recommended 
the purchase of land on Blunts Foint, on the west side of the entrance 
to the harbor, as giving pi-actically a north and south horizon free 
from obstnictions. The approximate ai-ea recommended to be pur- 
chased is between 8 and 9 acres. 

On further consideration of the matter by » board ordered by me 
to draw up detailetl plan^, the Bureau approved the scheme ana the 
Department authorized the purchase of tne land and the constraction 
of the observatorj'. 

Mr. 0. W. Frederick, assistant on equatorial (who, with Asst. 
Astronomer G. A.Hill as senior member of the board and Asst. Astron- 
omer J. C. Hammond a^ the other member, drew up complete plans for 
thetransit circle house, the dwelling for the observers, including; a clock 
room in which the temperature can be controlled, and partial plans for 
the magneti<i house), was on my recommendation ordered to proceed to 
Samoa and report to the commandant of the naval station at Tutmla, 
to take charge of the observatory. Mr. (justave Harrison, who for 
several jears has a<rtod as janitor of the great equatorial buildii^aed 
as general assistant in the care of the 26-incb equatorial, and who is a 
practical photographer of considemble experience, was at the same 
time appointed care taker of the observatory, as well as to act as 
assistant in magnetic and othei' work which is to be undertaken there. 

Prepai-ations are being made here to carrj'outthe instructions of the 
Department. 

MACHINE SHOP. 

The machine shop cstarilished on the premises last year with old 
material from navy-j'ards, as mentioned in my last annual report, has 
already demonstrated its value. 

Mr, W. W. Dinwiddie, assistant in spectroscopic work, has done, 
with little or no aid, some work on eclipse apparatus and made small 
repairs to other instruments of the Observatory. He has also com- 
pletely overhauled the old Clark mounting of the 26-inch equatorial, 
which is being set up for cariying the tube of the old 9.6-inch equa- 
torial, all of which material had been discarded. Two Daltmeyer 
cameras, each of 40-inch focus and 6-inch aperture, will also be carried 
by this mounting, and the 9.6-inch equatorial be used as a guiding tel- 
escope for photographing asteroids. This arrangement will permit 
an expansion of the asteroid work and allow the 26-inch equatorial to 
be used entirely for micrometric purposes. 

Mr. Dinwiddie spent a large poi'tion of his annual leave in visiting 
some of the important observatories of the country, spending a week 
at the Yerkes Observatory, bringing back to the Naval Observatory 
much useful data which have been utilized to the advantageof its plant. 

I have also to mention that Mr. G. H. Peters, the photographer of 
the Observatoi'y, likewise gave up practically all of his annual leave 
in the zealous search after information from other observatories which 
would benefit our work. 

GROUNDS AND ROADS. 

There still remains to be acquired to complete the plot of land lying 
within a radius of 1,000 feet of the Observatory's clock room, as con- 
templated by the joint resolution of Congress approved August 1, 1894, 
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the tract belonging to Mr. Philip Young and the tract belonging to the 
Nonnanstone estate; also the propeity belonging to the District of 
Columbia, containing 6. 761 acres, occupied by the Industrial Home 
School. 

The question of title to the first two pieces of property remains in 
the District courts, to which it was referred on appeal from the decision 
of a board which condemned the land for Government use. 

Referring to the industrial Home School tract, the Department has 
stated in its letter to the District Commissioners of April 10, 1902. 
that "an agreement as to the equitable reimbursement of the Board 
(of Charities) for buildings situated within the Observatoiy Circle may 
be reached, which would enable the District Commissioners and the 
Department to unite in presenting to the consideration of Congress a 
measure that will fully protect the interests of the Observatory and 
the Industrial Home." 

With a view to reaching such an agreementthe Department appointed 
the Superintendent of the Naval Observatory, and the District Com- 
missioners appointed Mr. George S. Wilson, secretaiy of the Board 
of Charities, to consider the matter. "W ith Mr. Wilson 1 have endeav- 
ored to act as would aboard of appraisers if condemnation proceedings 
should be instituted against this property, as recommended in the 
Superintendent's annual report of .Tune 30, lyoy, and which action it 
is not practicable to take without legislation. 

The Department having agreed with the Commissioners as to the 

frice of the land in question, viz, $74,404, which is at the rate of 
11,000 per acre for the 6.764 acres of the Industrial Home School 
lands witliin the circle, as stated in the letter to which reference was 
made, it only remained for us to reach a conclusion as to the price of 
the buildings. 

It is clear that any board of appraisers which might l)e established 
if condemnation proceedings were inaugurated through the courts 
would, as is usual m such cases, allow the District authorities not only 
for the value of the buildings located on the land which the Govern- 
ment proposes to take, but would award damages for such buildings 
as mignt be destroyed or otherwise rendered valueless by the transac- 
tion. Having reached an agreement as to the equitable reimbursement 
to the Board of Charities for the buildings, I submitted a report to 
the Department, and Mr. Wilson one of lUce purport to the Commis- 
sioners, embodying our conclusions. The arrangement submitted 
seemed the more desii-able, owing to the fact that 1 saw and presented 
a scheme by which the Government could utilize, for a time at least, 
the buildings against which damages would fall. 

The Department in considering my report ordered a board, com- 

g>sed of Rear-Admiral C. M. Chester, U. S. Navy, Civil Engineer 
. E. Peary, U. S. Navy, and Lieut. Commander W. L. Burdick, 
U. S. Navy, to examine and report upon the same. The board states 
in its report that: 

We are of the opinioa that the buildings, viz; the main building, the west build- 
ing, and what is known ae the schoolroom, which are all connected and form one 
lar^ structure, can be made adaptable tor the requirements of the Navy Depart- 
ment or some of the aubordinate bureaus or offices ; that the shops, Iwiler h'ouse, coal 
and sprio^ houses and bam could be utilized ae acceB§ories to such ofBcea. The 
cottage might be utilized for quarters for officers stationed here or could be turned 
into additional offices. The greenhouses would be of little practical value tor Gov- 
ernmental purposes, but should necessarily be considered in the question of compen- 
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satioD, as uuder any condemnation proceedings that might be instituted, if tlie par- 
ties at interest should be forced to that tnetliod of procedure, damages would 
unquestionably be alioned to at least the amount t^ven. * * > 

The only equitable settlement of the matter *e believe to lie in the plan outlined 
in the report of the Superintendent of the Naval Observatory, dated December 9, 
1903, for the Government to purchase all the building pertaining to the Industrial 
Home School, except the new schoolhouse which ie isolated from the other build- 
ioge, and to secure, in addition to the purchase as contemplated in the joint resolu- 
tion of Congress, approved August 1, 1894, a lease of su<^h land outside the circle as 
maybe necessary for the proper utilization of the buildings located thereon. This land 
will eventually be used for streets and is therefore not saleable by the District. This 
plan would enable the Government to make use of the two buildings located on such 
land, viz: the west building and the cott^e; also a small Dortion of what is called 
the main building (shown on the plan appended, marked "B"),fora sufficient 
length of time (probably fifteen or twenty years at least) to partially compensate 
for their cost. 



We therefore recommend that the Government acquire the property covered by 
Uie joint resolution of Congress approved August 1, 1894, on the Dasis of $110,000 
(or the buildings and $74,404 for the land, a total of $184,404; and to secure a lease 
nt a nominal rental for such additional land outside the circle as may be necessary. 

This report is referred to herein, aa the Department's action on it 
was to direct as follows, on April 23, 19()4: 

In view of the advanced period of the Congressional session, it is believed that no 
action can be advantageously taken at this time upon the recommendation made by 
the Board in the within report. The matter will, however, be taken up and consid- 



ered at ttie proper time in connection with such recommendations ai 
in the annual reports for this year or otherwise by the Bureau, 

Congress having then decided by its joint resolution of August 1, 
1694, that the Ol^rvatory gi-ounds should i«nsist of a plot bounded 
by a circle of 1,000 feet radius, the Department having come to an 
agreement with the District authorities as to the value of the land 
belonging to them within this boundary, and having ordered a board to 
consider "as to the equitable reimbursement of the Board (of Charities) 
for the buildings situated in the Oteervatory Circle," and the Board 
having recommended that the Government acquire the property cov- 
ered by the Congressional resolution of August 1, 1894, and that it 
secure a lease of such additional land outside the circle as may be 
necessary, 1 respectfully urge that action be taken in time to present 
the matter to the next session of Congress, A delinite scheme for car- 
rjing to execution the will of Congress, as expressed by its resolution 
referred to above, follows herewith. 

Mr. George S. Wilson, representing the Commissioners of the Dis- 
trict of Columbia, and myself, representing the Navy Department, 
acting under the instructions of our respective Departments, have 
agreed to submit the following plan in accordance with those instruc- 
tions, viz: 

The Nav3' Department (a) to acquire by purchase legal title from the 
Commissioners of the District of Columbia to the plot of ground that 
is situated within the Naval Observatory Circle, amounting to 6.764 
acres, more or less, being parts of lands generally known as the 
Industrial Home School property, for the sum of $74,404. (li) To 
secure a lease from the District Commissioners at a nominal rental 
until such time as the land or the most of it maj- be required for street 

Surposes, that other portion of the said Home School property 
escribed as follows: " Begin on the Observatory Circle where it inter- 
sects the north boundary of the Industrial Home School grounds; 
thence south 79 degrees 28 minutes west along said boundary a dis- 
tance of 285 feet; thence south 275 feet; thence east about 160 feet.to 
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said Obseivatory Circle; thence northeasterly along said Observatory 
Circle to place of beginning;" about 1,40 acres, (c) To acquire by 
purchase title to all building on the aforesaid pieces of property at a 
cost of *110,000; a total of 1184,404. 

A plan marked "A" is herewith appended showing the status of 
land lying within the Observatory Circle and also giving the bounda- 
ries of the section which should be leased from the District Govern- 
ment to carry out the recommendation of the boai-d which was ordered 
by the Department to consider the subject. 

In the estimates of appropriations required for the service of the 
Naval Observatory for the fiscal year ending .June 30, 1905, there was 
submitted an item for the building of two nouse.*! as observers' quar- 
ters. The necessity for the construction of these buildings has been 
noted ill the annual reports of the superintendent for several preced- 
ing years and the necessity has not lessened. But as the question of 
the Government's acquirement of the property belonging to the Dis- 
trict of Columbia, known as the Industiial Home School, has reached 
such a state as to warrant a hope that by the speedy transfer of the 
buildings on that property to this station the demand for quarters may 
be at least paitially met, the estimates for the coming year will not 
contain this item. 

One of the acts of the Board of Visitors for 1901 was to report that 
"there is urgently needed re.sidences for those who are regularly 
engaged in late night observations." For efficient work in observing 
the heavenly bodies those engaged in it must be near at hand or they 
will lose a great many of the comparatively few favorable momenh< 
available in this region for astronomical investigations. Particularlj' 
at this Observatory the distance of our insti'uments from habitations 
where the staff must live — in Georgetown orelscwhere — makes it exceed- 
ingly trying for the observers to go to their duty at all times of the 
night, and when the indications are unfavorable and thej' natumlly go 
to their homes they must rely on irresponsible persons to awaken them 
when a change for the better occurs, with the chances in favor of their 
not getting to their stations. The result is that many observing nights 
are lost to the Observatory. 

Suitable quarters are provided on the grounds for only two of the 
observers. Four others are temporarily provided with sleeping quar- 
ters in an old building which has been htted up for them as best it 
could be done, but which affords them a less degree of comfort than 
would ordinarily be found in barracks for troops. The remainder are 
obliged either to sleep in their offices or off the grounds. This acts as 
a hardship on the members of the staff and results in less efficient 
service than should be rendered at an institution of this character. 

If the scheme for the purchase of the Industrial Home School fwop- 
erty is carried through, the buildings which it is proposed to buy and 
which in any event must be paid for will for the time being at least 
relieve the demand for new quarters for the major part of the staff. 

The comparatively small amount of extra compensation asked for to 
reimburse the District of Columbia for their buildings lying outside 
the Observatory Circle will thus in more ways than one lessen the 
necessity for increased appropriations which the natural growth of 
this as well as all other Departments of the Government must entail- 
As was predicted in the Superintendent's annual report for 1902, the 
appropriation of $5,000 allowed for the fiscal year ending June 30. 
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1903, and which was contained in the appropriation bill for the follow- 
ing fiscal year, has been scarcely sufficient for the care of the grounds, 
and but vei-y little could be done in the way of grading, 

A large portion of this property, which must eventually become one 
of the most conspicuous park reservations of the District of Columbia, 
is still as undeveloped as when it was a forest. A new portion, known 
as the Dumbarton estate, which was acquired by the {government in 
1902, is still in the crude condition in which it was received. The 
rapid progress made during the year in grading Massachusetts avenue, 
now nearing completion, demands some treatment for this contiguous 
piece of ground at an early date. During the year, finding that the 
new gracle of the avenue circling the Oteervatory property had cre- 
ated a dam for the surface waters, I requested that a board of medical 
experts should examine and report upon the sanitary conditions of the 
reservation. The Department ordered such a board, composed of Med- 
ical Director John W. Ross, U. S. Navy, Medical Inspector W. R. 
Du Bose, U. S. Navy, and Asst. Surg. Joseph A. Murphy, U. S. Navy. 
The following quotation is made from its report: 

Tn pockets, parts of former ravines, one about 300 feet to the east and the other 
alwut 400 feet to the north from the Superintendent's quarters have been formed by 
the work of grading Maosachusetts avenue and are objectionable from a sanitary 
"tandpomt, being without drainage and forming baeins lor the collection of surface 
water and retnse which would be favorable to the development of malarial and other 
fevers 

In addition there is a depression at east entrance to Observatory grounds, formed 
by the grading of the same avenue, which it is desirable should be filled level with 
the grade to insure efflcient surface drainage on that portion of the grounds. 

The board also reported that — 

at the western limit of the Observatory grounds is' located the property of the 
Industrial Hojne School, and here the board found a most objectionable, unsightly, 
malodorous, and insanitary condition, a veritable nuisance, menacing the health of 
the whole locality. 

Continuing, the board recommends: 

That the pocketa an 
i be filled to grade. 
2. That steps be taken to abate the nuisance connected with the si 
of the Industrial Home School. 

In order to provide the remedies recommended concerning the Gov- 
ernraent'e; property, the Department requested of Congress a special 
deticiency appropriation of ¥5,000, which was provided for in the act 
approved February 18, 1904.- 

With this allowance there has been removed from the slope on the 
eastern side of the Observatory property, to fill one of the sections 
mentioned in this report, covering alxiut 4 acres of ground, an amount 
of earth equivalent to 30,000 cubtc yards. This, atan avei'age cost for 
such tilling of 30 cents per cubic yard, would have cost alone bv c<3n- 
tract about $9,000. 

A road about 550 feet in length, leading from Massacliusetts avenue 
to the buildings within the circle, has been constructed and macadam- 
ized, and about 500 feet of old load have been resurfaced. To protect 
these roads, about 1,250 linear feet of guttering have been laid. Also 
about 100 square yards of concrete sidewalks have been laid. At 
contract price all this work would have cost over $10,000. 

This piece of work is highly creditable to the foreman, Mr. W. M. 
Gorman, and when the whole filling is covered by a suitable lawn, it 
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will add materially to the appearance of thispavtof the grounds, whk'h 
has now become the main entrance to the ObseiTatoi^ leaervation. 

There still remain two pockets noted by the board to be tilled and 
gi-aded, and an additional appropriation will be lequired before all the 
recommendations can be carried out. 

Regavding the Industrial Home School property, while the condi- 
tions nave been bettered by the placing of a pumping plant to carry 
the sewage of the school into the sewei' on the Tenleytown i-oad, the 
remedy is only partial and can never be, satisfactory while the present 
control is maintained. Knowing that the GoveiTiment must eventually 
take this pi-opertv, aa contemplated in the law providing for the pres- 
ent location of tne Observatory, the District Commissioners do not 
take much interest and will not expend much money in keeping it in 
proper condition. 

Tne lane leading to the Observatory from the Tenleytown road is 
not a public highway, and while it runs' adjacent to two pieces of 
property belonging to private parties the General Government alone 
must keep it in repair. Like Massachusetts avenue on the east, it !» 
above the grade of the ground on either side of it, but unlike that 
avenue, by means of a culvert it passes over a stream of continually 
running water which rises in the Industrial Home School property, and 
which, during stormy weather, swollen by the surface waters of an 
extensive watershed can not be controlled. The result is that the 
roadbed is frequently submerged or washed away and requires con- 
stant repairs. 

As a natural sequence to the tilling of the depression, there had to 
be taken into consideration, in connection with the section at the east 
entrance of the Observatory grounds, the appropriate appearance of 
the grounds when the place should become one or the beautiful parks 
of Washington. This required not only the filling of the depression 
level with the grade of Massachusetts avenue, but the gi^ading of the 
hill inside the circle, from top to bottom. This accounts for the large 
amountof earth which it ivas necessary to handle. Further than this, 
as the main entrance to the grounds was now on grade a considerable 
portion of the appropriation had to be used for soil, grass seed, etc.. 
tc make the appearance conform to other parts of the grounds. 

TOTAL SOLAR ECLIPSE OF 1905. 

In m}' last annual report i-eferenee was made to the total solar 
eclipse which is to take place in August, 190.5. I respectfully renew 
my recommendation that the Government should take part in this 
important event, and call attention to that report and to the reasons 
therein stated. 

The estimates for the ?s'a\al Observatory for the past tiscal year 
contained an item for$6, 000 forfittingoutanexpeditiontoobserve this 
eclipse, and as Congress failed to make aie necessary appropriation, prob- 
ably owing to the fact that the eclipse would not occur during the fis- 
cal year for which estimates of appropriations were being considered, 
I recommend that the same amount be again asked for, and that the 
appropriation be made available at the earliest possible moment after 
the opening of the coming session of Congress. Past experience shows 
that the longer the preparation the better the results, and undue delays 
in preparation are fatal. As the small amount of money asked for 
contemplates the use of one or more naval vessels and the employment 
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of a considerable part of the force they cany to make the observa- 
tions, it is necessary that the expedition should leave this country at 
least two months before the eclipse is to occur, Auf^ust 80, 1905. 

A continued study of the subject shows that Spanish astronomers 
are counting much on the support of interested Governments to make 
the occasion one of grc^at impoi'tance to science. The Madrid Asti"o- 
noDiical Obsei'\atory has published a map showing the region covered 
by the sun's total eclipse, and much consideration is being given to the 
Nelection of stations. The Spanish Peninsula seems to offer marked 
advantages for eclipse work, as there are practically three sections 
which give special meteorological contracts: First, the eastern section, 
where the weather conditions are dominated by the influences of the 
Mediteri-anean Sea; second, the middle section, a plateau of consider- 
able extent, the altitude of which produces conditions not found on the 
seaeoast; and, finally, the western or mountainous region which breaks 
up to a large extent the storms passing over the Atlantic Ocean and 
neutralizes their effect in the other two zones. 

It is thought, then, that by selecting one station among the high hills 
bordering on the Mediten-anean to work with some ship as a base, say 
at Valencia, and another station in the uplands with headquarters on 
board of a vessel on the northern coast of Spain, the problem of 
chances would be in favor of excellent results. 

Attention is calleJto the fact that the selection b}' the Naval Obsei'v- 
atory party of two stations widely separated, at Fort de Kock and Solok, 
in Sumatra, at the time of the last solar eclipse expedition in 1901, 
brought to our party the only satisfactory weather conditions. 

Heretofore it nas been the practice to send quite a number of observ- 
ers from the Observatory, which with our present depleted force is 
not permissible. The small appropriation a^ked for for the next expe- 
dition contemplates the utilization of a purely naval force, whose 
military training well equips them for this kind of work, and who, 
being guided by a few experts from this Observatory, are all suffi- 
cient for a large and well -equipped party. The details of the plan out- 
lined above, carried out under naval auspic^es will, I believe, procure 
results worthy of the high stand this Observatory has always taken in 
such expeditions, and will redound to the cx>ntinued credit of the Navy's 
service to mankind as a promoter of the arts of peace. 

The political possibilities of such an expedition as proposed sent by 
the United States to the coast of Spain within the next year will, in 
my opinion, moi-e than compensate for the outlaj'. even should no satis- 
factory observations be made of the sun's eclipse, but the chances are 
!«> gi'eatly in favor of good weather at one of the two localities selected 
as to practically assure to astronomy and science in general data of 
great value. 

APPROPEIATIOSS. 

It should be understood that with the present meager appropriations 
allowed for cairying on the work the great weakness of the Observa- 
tory lies in the inability to keep up to date the reduction of the obser- 
vations. It is estimated that one observer can keep five computera 
emploj-ed for the period during which observations are taken. Here 
the object has been to make the best possible disposition of the force 
at my disposal by having some of the computers act as observers, so 
as to obtain a maximum amount of observations during the clear 
nights and then to have both observers and computei's devote all their 
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attention during bad weather to the reduction of the observationa. 
This arrangement shows the inappropriateness of the designation cona- 
puter, given by law. for at times the same class of people do both 
obsen-ing and computing work, 

X have therefore to i-ecommend that the title of computer be changed 
to that of assistant, and that the photographer, who is an important 
assistant in astronomical work, the assistant on the equatorial, and 
the assistant in spectroscopic work, be also styled assistant. This will 
harmonize with ttie titles of employees in the Nautical Almanac depart- 
mcntof the Observatory, and Iwst describe the duties performed. In 
view of the necessities of the case as explained above, and the desii-a- 
hility of having for the Observatory such an organization as is com- 
mensurate with its requirements anJ consistent with its plan of work. 
I respectfully submit the following, requesting that it may be con- 
sidered in connection with the next annual estimates: 

The permanent force outside of the naval officers assigned to duty 
at the Observatorj' to consist of the following: 

In the department ot sHtronomical observations: Salary, 

1 aslroijomer $3,400 

1 assiRtant astronomer 2, 000 

2 aflsistant astronomers, at $1,800 3,600 

1 assistant astronomer 1,600 

4 aasistants, at 51,400 : 5, 600 

4fl8eiBtante, at$l,200 4,800 

For niiscellaneoua conipulationB 10, 000 

In the department of nautical instruments (including the general storekeeper's 
duties) : 

1 aasistant 1,600 

1 slenograjiher 900 

In the department of chronometers and time sen'ice: 

1 assistant 1 , 600 

As showing the inadequacy of the meager salaries paid at the present 
time, I quote from the report to the secretary of the Navv of the 
Board of Visitors in 1899, which was composed of Senator Wni, E. 
Chandler, Representative Alston G. Dayton, Prof. Edward C. Picker- 
ing. Pi'of. Geo. <j. Coiiistock, and Prof. Goo. E. Hale, giving a pro- 
posed list of olwervers and salaries for the same, and I have placed in 
conjunction with this list the corresponding members of -the Observa- 
tory's staff, with their salaries as they exist at present. 

This report reads: 

If astronomers are appointed to the Naval Observatory from civil life to succeed 
retiring! professors of mathematics the salaries provided should be snfHcient, as recom- 
mendeS by you in that report for 1897, "to make up tor the refusal to them of the 
privily of retirement and also to secure men of high scientific attainmeuts adequate 
to the demands of one of the most capable observat^tries In the world." To secure 
the services of the ablest astronomers the salaries provided should be slightly lai^r 
than those paid in the higher class of university observatories, and account should 
be taken of the fact that university vacations are much ton|;er than leaves of absence 
from the public service. The board ot visitors recommends the following as a sched- 
ule of salaries which could be expected to attract astronomers of the class desired: 

Proposed Haff. ! Present staff. 

1 first astroiiomer $4, 000 . 1 professor of mathenialics $3, 000 

1 second astronomer 3, 600 ; 1 professor of mathematics 2, 700 

1 third astronomer 3, 200 1 professor of mathematics 2, 700 

1 fourth astronomer 2, 800 1 assistant astronomer 2, 000 

1 Hrst assistant astronomer 2, 400 1 assistant astronomer 1, 800 

1 second assistant astronomer 2, 200 1 assistant astronomer 1, 800 

\ third assistant astronomer 2,000 1 assistant on equatorial 1,000 

1 assistant in spectroscopic work. 1,000 
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It should be borne in mind that this report contemplated the elimi- 
nation of all routine naval work, for which another and expensive 
establishment would be required, and therefore the professors oi math- 
ematics would be relieved of much labor which now falls upon them. 
In order that the Government may be able to withdi-aw all line officers 
from duty at the Observatory in times of public danger the present 
number of professors of mathematics shoukl be maintained. 

It seems that the fourth astronomer of the present staff should have 
the compensation which would put him on a par with what is known 
on the staff, as suggested by the Board of Visitors, as the first assist- 
ant astronomer. Moreover, since the present occupant of that posi- 
tion is a civilian of fifteen years' service in the Observatory, and is the 
head of a division in the department of astronomical observations, I 
recommend that the title of astronomer be established by law, at an 
annual salary of $2,400. 

In this connection I desire to call attention to the fact that within 
the last two years two professors of mathematics have been detached 
from the Observatory to meet the demand for instructors at the Naval 
Academy, with the general understanding that vacancies among the 
officers of the Navy on shore made necessary by the large increase in 
the service should be filled by civilians. The vacancies thus created 
have not been filled. 

In the schedule of officers and salaries submitted I have simply pro- 
vided for the replacement of two professors of mathematics, who 
acted as astronomers, by one astronomer and by one assistant astrono- 
mer, leaving the remaining numbers of the permanent staff of the 
astronomical department as they exist to-day, but with new designa- 
tions and a slight increase in their salaries. 

The force m the department of astronomical observations not 
shown in the fable above given consists of 1 photographer at $1,200 
per annum whose services are extensively required in other depait- 
ments of the Observatory', 5 computers at $1,200 per annum, and 4 
miscellaneous computers at an average of $1,000 (paid out of appro- 
priation miscellaneous computations, $4,000); 9 computers in all. 

The growing importance of photography in astronomical observa- 
tions gives to the pnotograpber at this institution an entirely distinc- 
tive signification. His duties are of a scientific character and do not 
comport with the work commonly designated as photographic. I have 
thei'efore, in the anniial estimates, recommended a change of his 
title to that of assistant in the department of astronomical observations. 
Mr, Peters has by his marked energy and zeal in the work of different 
departments of the Observatory more than earned the small increase 
of $200 which it is proposed to add to his salary. In connection with 
Mr. Hammond and Mr. Dinwiddle he has greatly increased the num- 
ber of observations of asteroids which have been given to the astro- 
nomical world. The new guiding telescope which Mr. Dinwiddie is 
making out of the old and discarded material found here, as previously 
mentioned, will give him the means for a still further increase in the 
output and make his work still more closely connected with that of 
preparing the Nautical Almanac for publication. 

The photographer is also the expert upon which the Department 

must rely for a knowledge regarding the proper photographic outfits 

to be furnished to our naval vessels, both cruising and surveying, and 

for the inspection of the same when they come to the Observatory for 

11474—04 * I X.OOi^lc 
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purchase and when prepared for isisue. His direct connection with 
and importance to the active work of the Navy is thus clearly estab- 
lished and I trust will receive rect^nition ty the Bureau and the 
Department. 

To show the inadequacy of the present force, I beg to make a com- 
parison also used in tlie report of the Board of Visitors referred to 
above, giving the approximate number of persons at the Naval and 
Harvard observatories: 



Naval Observatory: Numi 

Proteseora of mathematics 

ABsistant astronomers 

Photographer 

Assistant on eqoatorial 

Assistant in 8i«ctroacopic work. 
Computers (including miscella- 
neous computers) 



Total . , 



Harvard Observatory; 

Astronomers 

Assistant astronomers.. 



As so many comparisons have been made between the Naval Obser- 
vatory and the Royal Observatory at Greenwich in the past with 
reference to the work done, it seems only fair to state the number of 
the force engaged at Greenwich and also that the Royal Observatory 
has none of the work of supplying the fleet with navigational instru- 
ments other than chronometer^. 

The report of the astronomer royal for the vear ending May 10, 
1904, just received, shows that the astronomicaf staff at Greenwich 
consists of the following: 



Established computer (higher grade) 1 

Eatablished computers (one vacancy) 10 

Supernumerary computers 29 



I will not compare the results obtained from the two observatories, 
but 1 can claim, as does the astronomer royal, that "the record of the 
work of this Observatory for the past year is the best testimony to the 
spirit and zeal of the staff to whom great credit is due for tne very 
satisfactory output of the work." 

As stated, not only is our force in general drawn upon for incidental 
work pertaining strictly to the fleet, but one computer is necessarily 
attached to the department of chronometers and time service, and 
another, until recently, has been employed in the department of nau- 
tical instruments to take the places of naval officers, 4 or 5 in number, 
who were formerly detailed to this duty. It is probable that another 
computer must soon be detailed to the department of nautical instru- 
ments to keep up with the growing demands on its force. 

As 1ms been repeatedly reported, the scant force now attached to 
the Obsei-\-atory can not keep up with its requirements. The com- 
putations have not only fallen in arrears, but to such an extent as to 
discourage the management and dishearten the staff. Several of its 
members have had offers of better positions and have only been kept 
here by the hope that their services would be recognized by the 
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Department by an increase of the appropriations for carrying on its 
work, and thereby the betterment of their condition. As showing that 
their efficient and zealous services have been recognized by the astro- 
nomical public at large, I can not forbear to quote from a fetter to the 
Superintendent from the eminent asti'onomer. Dr. S. C. Chandler, of 
Cambridge, Mass., under date of March 4, 1904. It is aa follows: 

Thie series of intercom pari»>ns of the Saturnian Hystem is remarkable For ext«nt 
aad completeness, as I have no doubt it will prove to be for quality of its results when 
teatad by utilization in perfecting the theory of the satellitea. I can not forbear con- 
gratulating your Observatory on the evidence which these and previous articles are 
continuously furnishin): in such abundance, to the enrichment ol current astronomy, 
of the value and importance of its renewed, successful and incessant activities. 

At least the astronomical department should be relieved of the 
demand made upon its personnel by the necessities of equipping our 
large and increased fleet, and its size be restored to what it was before 
a number of naval officers were withdrawn from the Observatorj' and 
its work greatly augmented. 

Very respectfully, your obedient servant, 

C. M. Chester, 
Rear-Adviiral, U. S. Navy, 
Superintendent of the Naval (" 
The Chief op the Bukeau of Equipment, 

Navy Department. 



DIVISION OF EQUATORIAL INSTRUMENTS. 

Sir: I have the honor to submit the following report of the division 
of equatorial instruments for the year ending June 30, 1904: 

Asst. Astronomer T. I. King was in charge of the 12-inch equatorial 
from July 1 to November 15, 1903, at wnich date I was placed in 
chaise. On December 1, 1903, the division of equatorial instruments 
including both the 36-inch and the 12-inch was established. 

The distribution of the work of this division has been as follows: 
Professor Skinner, double stars; Mr. Hammond, occuUations, comets, 
the brighter asteroids, and Jupiter's satellites; Mr. Dinwiddle, double 
stars, comets, the fainter asteroids, the satellite of Neptune, and the 
satellites of Saturn. With one exception Mr. Hammond has made all 
the observations with the 12-inch equatorial since November 15, 1903; 
the other observers have used the '26-inch equatorial. 

Messrs. Hammond and Dinwiddie have endeavored to observe as 
large a number of asteroids as po-isible in the time not occupied by the 
observation of the satellites of the major planets. During the year 
covered by this report observations have been made of 99 different 
asteroids, of which 49 were observed by Mr. Hammond and 1 by Mr. 
Bice with the 12-inch equatorial, 44 by Mr. Dinwiddie and 5 by Mr, 
Frederick with the 26-inch equatorial. 

On entering actively upon toe asteroid work it occurred to Mr. Din- 
widdie to use a Dallmeyer portrait lens of 6 inches aperture and 38 
inches focal length which had been procured by the Observatory many 
^ears &go for eclipse work. An exposure with this camera of seventy- 
five minutes is sufficient to obtain a trail permitting the detection of 



3y Google 



28 DNITED STATES NAVAL OBSERVATORY. 

any small planet which may be present on the plate, Mr, Peters has 
cared for this photographic work and has taken nearly all the photo- 
graphs. Whenever necessary he has determined the places of aster- 
oids by the measurement of the plate with the Stackpole measuring 
en^ne. 

Two asteroids, which have not been identitied with any previously 
observed, have been discovered by Mr. Peters. The tirst one, which 
was photographed December 11, 1903, haa received the preliminary 
designation by the Recheninstitut of Berlin of (1903 NF), and the sec- 
ond one, which was photographed May 11, 1904, the designation of 
(1904 OF). 

Professor Skinner has devoted practically his whole time to work in 
connection with the preparation of the catalogue of the Astronomische 
Gesellschaft zone —13° 50' to —18° 10', which work is referred to in 
detail in the report on the division of meridian instruments. 

STATE OF THE INSTRUMENTS. 

The W-inch. eqiiatorial. — This instrument is in excellent working 
condition. The electrical illumination of the instrument and dome, 
designed and installed by Mr. Dinwiddle, continues to give complete 
satisfaction. Mr, Frederick has recently devised and installed a satis- 
factory bright field illumination by reflecting light to the inner surface 
of the objective by means of a prism withm the telescope tube just 
outside of the cone of rays. 

The 1^-inch ^ua,iori<d. — The mounting of this instrument is defect- 
ive in several particulars. The chief difficulty is with the driving 
clock, which is so weak and ineffective that observations which demand 
the use of clockwork are made with great difficulty. 

The constants of the inatrwmmis. — The constants of the two equato- 
rials have been frequently determined for the 36-inch by Mr. Frederick, 
for the 12-inch by Mr. Hammond, and show that the instruments are 
quite steady. 

Table of constanU. 

^fr-INCH EQUATORIAL. 



Date. 


Temper- 


f 






op. 
SO 


~6I 
-72 










4-115 




IMNCH EQUATORIAL. 




21 
40 


+68 












■ 
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OBSBBVATION8 WITH THE 26 INCH EQUATORIAL. 



Asteroids: 

(42)Iii8 

(46 Hestia 




350 
362 
371 
374 
379 
381 
382 
386 
388 

403 
409 
417 
420 
423 
426 
.449 
.454 
456 
478 
490 
492 


Omamenta 

Havnia 

Bnrgundia 

Huenna 

.Myrrha 

Dodona 

Siegena 

Chary bdia 

I.ampetia 

Cyane 

Aspafiia 

Suevia 

Bertholda 

Diotima 

(1897 DH) 

Hamburgs 

MathesiB 

Tergeste 

(1902 JP) 

(1902 JR) 

(1903 NF) 

(1904 OF) 


3 
5 


49 pST.:::::::::::::: 

(85) Cybele 

(84) Klio 

(90) Antiope 

108) Hecuba 

153) Hilda 

154)Bertlia 

156) Xanthippe 

161) Athor 

163 Erigone 

199)Bybli8 

207 rfedda 

225) Henrietta 




4 
5 
3 
3 
5 
5 
5 
5 
5 
3 
4 
2 
2 


271) Pentheailea 

301) Bavaria 

317)Roxane 

332) Sin 

:i33 Badenia 




4 
4 
4 
2 
2 


339 Dorothea 

343)Ostani 

Satellites of Saturn: 


'.'.'. 3 


6 








































































































Satelliteaof Uranua: 
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OB8ERTATION9 WITH THE 12-INCH EQUATORIAL. 







(5 


Aatraea 

Iris 






(10 
(11 


Hygiea 

Parthenope 


fl? 


Eunomia 


■1 

26 
■27 

30 


Fortuna 

Lutetia : 

Kalliope 

Thalia 

Proserpina 

Euterpe, 

Bellona 

Urania-.., 

Fides 


m 


Harmonia 


53 
56 
57 


Ste;;:::;;::;::;;;; 

Mnemosyne 

Auflonia 






Satellites 


f Jupiter: 






I-I 


/ 




(3451 Tercidina , 
(349) Dembowska.. 

(387) Aqaitania 4 

(405) Thift 1 

(1904NY) 14 



I II-III 20 

II-IV 20 

III-IV 15 



Comet 1904 a (Brooks) 

Miscellaneous stars ~. 

Diameter of Saturn 

Diameter of Jupiter 

Diameter of Venus 

Occultations of stars by the Moon.. 



Total 52S 

TABLES FOR DIFFERENTIAL REFRACTION. 

The tables for differential refra«tton for the latitude of the Naval 
Observatory, referred to in the last annual report, have been com- 
pleted by Mr, Frederick. One set of these tables is arranged for dif- 
ferences of right a-sceusioQ and declination and the other set for 
position angle and distance. The tables will be published as an 
appendix to a volume of the publications of the Naval Observatory. 



As in former years, the 12-inch equatorial has been devoted one 
evening a week, and occasionally on other special evenings, to afford 
a view of telescopic objects to persons admitted to the Observatory by 
permit. Mr. Peters has been assigned to the duty of caring for these 
visitors. 

The number of visitors received during the year has been 1,087 oo 
50 different evenings. ^ 

■ogle 
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PERSOKNEL. 

A. N. Skinner, professor of mathenaatics, United States Navy, in 
charge of the 26-inch equatorial from July 1, 1903; temporarily in 
charge of the 12-inch equatorial November 15 to 30, 1903; in charge of 
division of equatorial iostruments from December 1, 1903. 

T. I. King, assistant astronomer, in charge of 12-inch equatorial 
July 1 to November 15, 1903. 

John C Hammond, assistant astronomer, from December 1, 1903. 
W. W. Dinwiddie, assistant in spectroscopic work. 
O, W. Frederick, assistant on equatorial, 
Gustave Harrison, laborer. 
Very respectfully, 

A. N. Skinner, 
Professor of Mathematics, U. S. Navy, in Charge, 

The SUPEEINTESDENT OP THE NaVAL ObSEKTATOKT. 



DIVISION OF MERIDIAN INSTRUMENTS. 

Sir: I have the honor to submit the following report on the work of 
the division of meridian instruments for the fiscal year ending June 80, 
1904: 

The observations made in this division up to September 4, 1903, are 
reduced and ready for publication, and those made since that date are 
in various stages of reduction. 

THE 6-INCH TRANSIT CIRCLE. 

This instrument was in active operation only for a portion of the 
year, during which time it was devoted to the determination of the 
right ascensions and declinations of the sun, moon, and planets, and a 
few miscellaneous stars. The miscellaneous stars observed were used 
as comparison stars in the observation of asteroids with the 12-inch 
equatorial. 

All the observations made with this instrument were strictly differ- 
ential, and a sufficient number of ephemeris stars were observed with 
each one of the objects, whose position was to be determined to obtain 
the clock corrections and the equator points. 

The number of observations from July 1, 1903, to September 4, 1903, 
is as follows: 

EphemeriB Btare 487 

Sun 30 

Moon 24 

Mercury 18 

Veuua 28 

Jupiter , 6 

Saturn 14 

Uranus 6 

MiacellaneouB stars 17 

Total 631 

n,a,i,.,.-j by Google 
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Of these observations there were made by — 

Professor Littell.... 175 

Mr. Rice 217 

Mr. Brown 239 

Total 631 

A very thorough discussion of the variation of the conatanta of this 
instrument with the temperature, extending over the period from 
September, 1902, to September, 1903, has been made by Professor 
Littell, and the results will appear in the Introduction to Volume IV, 
Part 1, Publications of the United States Naval Observatory, Second 
Series, now in press. He finds that the collimation constant exhibited 
great stability, showing a variation of +0'.0007 for each increase of 
1° F. ; that the azimuth was subject to an annual variation of — O'.Oll 
and to a daily variation of +0'.O05 for each increase of 1*^ F., and 
that it was impossible to connect the changes in level with the changes 
in temperature. 

Since this instrument has been out of commission it has received a 
thorough cleaning, and the location and erection of a south mark has 
been commenced. 

THE 9-rNCH TRANSIT CIRCLE. 

Observing with this instrument was commenced on September 3, 

1903, after a number of changes, spoken of in my last annual report, 
had been completed. 

This instrument has been devot«d to the determination of the right 
ascensions and declinations of the sun, moon, planets, the stars of 
Newcomb's Suggested List of Fundamental Stars, and the stars of 
Gill's Catalogue of 2,798 Zodiacal Stars, with the addition of about 
350 stars not m Gill's list. 

In the observations of the zodiacal stars, and of the moon and the 
planets when observed in connection with those stars, one observer 
takes the transits and makes the micrometer bisections, while a second 
one sets the instrument, reads the microscopes, and keeps the record. 
In the other work the observer works alone, except on the sun and 
occasionally on the moon. 

The reductions are so carried on that each observation will give the 
right ascension and declination of the object observed, the plan of 
observing ephemeris stars for clock corrections and equator points 
ORJj havmg been discontinued. 

The nuniber of observations from September 3, 190S, to June 30, 

1904, is as follows: 

Zodiacal stars 5,590 

Standard sUrs 4,670 

Screen stars for personal equation 436 

Astronomische Gesellschaft Zone zero stars 4 

Astronomische GesellBchaft Zone zone star 1 

Sun 141 

Moon 106 

Mercury 61 

Venus 96 

Jupiter 8 

Uianua -- 6 

Neptune 15 

Total 11,123 

n,„Mb,G00glc 
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Of these observations there were inade by — 

Professor Skinner 5 

Professor Eichelberger and Mr. Kic« 172 

Professor Eichelberger and Mr. Yowell 5,992 

ProfesBor Eichelberger and Mr. Morgan '■ 219 

Professor Eichelberger 15 

Professor I jttell (three months) 1, 212 

Mr. Eice_ 1,294 

Mr. Brown 1 , 458 

Mr. MoT^n (seven months) 756 

Total 11,123 

To observe a star of the second, third, or fourth magnitude with the 
9-inch transit circle with the full aperture is exceedingly unsatisfac- 
tory, so that the instrument has been provided with two wire-gauze 
screens attached to the object-glass end of the telescope, so mounted 
that the observer at the eye end can easih' and quickly screen oi' un- 
Bcreen the object-glaas, either or both screens being used. One screen 
reduces the brightness of a star two and a half magnitudes, and the 
other one five m^nitudes. All the work of making and attaching the 
screen apparatus wa» done at the Observatory by Mr. (^leve. Begin- 
ning witn September 3, 1903, all stars have been observed as between 
the sixth ana ninth magnitudes. The screen has been found to be of 
advantage in night ofjservations of the moon and also in observations 
of Jupiter. 

Another improvement in the method of observing is the using of 
both a south and a north meridian mark. With the cx)llimators and 
the marks two independent determinations of the collimatlon are ob- 
tained, and after a \alue of the collimation has been adopted from these 
two sets the two marks give two determinations of the azimuth. 

The south collimator for the 9-inch transit circle wa.s not provided 
with any means of readily adjusting its vertical thread, and as the 
position of the image of that thread as viewed in the transit circle 
was much affected by changes of tempei'ature, the collimation was 
frequently determined when the distance of the image from the middle 
thread of the transit circle reticule was probably too great or too 
small for the best i-esults. Mr. Cleve, the instrument maker, has 
remodeled the eve end of the collimator so that now the veitical thread 
can be easily and quickly adjusted to anv desired position. 

The circle microscopes were pi-ovided with new micrometer scj-ews 
by Mr. George N. SaegmuUer, in May, 1904, as the old ones had 
become much worn. 

In order to pi-otect the thennonieter shelter from the direct rays of 
the sun during the earlv morning and late afternoon in summer, a shed 
of single louvre work nas been built over it. This shed is open on 
the entire north side, and in order that the thermometer might the 
more quickly take up any change in the temperature of the outside 
air, the oidgtnal shelter was changed to single louvre woik, and its 
north side was hinged so that it could be open during work at night. 

The series of measures with an axial collimator for the determination 
of the irregularities of the pivots of this instrument, referred to in mj- 
last annual report, indicates a flight irregularity. If .the observations 
are reduced on the assumption that the pivots are perfect, the time of 
transit thus obtained must be corrected W a quantity varying between 
+ 0'.02and-0'.02. 
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Several series of observations by the different observers to deter- 
mine their personal equations depending on the magnitude of a star 
by the use of wire-gauze screens give the following re.'sult^: 





.»„.„ 


oh 


erved 


S'ES 






1 


. 











































The following values of the horizontal flexure applicable to observed 
zenith distances have been determined by the use of hoiizontal colli- 
matoi-s: 



Eichelbergei and Yowell . . 



THE CLOCKS, 

The new clock, Kiefler No, 70, with a nickel-steel pendulum and 
inclosed in a glass air-tight case, made by Riefler, of Munich, was 
received at the Observatory in July. 1903. It was set up by Mr. Hut- 
terty, a local clock maker, in the clock vault, and was installed as the 
standard sidereal clock on September 1, For several weeks it worked 
satisfactorily, but since that time it has given some trouble. While 
the case was perfectly air-tight for at least six weeks, since November 
it has been impossible to manitain a constant pressure in it. A second 
difSculty has been that the electric winding apparatus would at time.s 
fail for a few seconds, then recover itself and work perfectly for days 
without any change whatever being made in the batteries, A thii-d 
difficulty has been the occurrence of extra breaks on the chronograph 
at the time of winding of the clock. 

The use of this clock was discontinued on May IW, and it has been 
returned to the maker, at his request, in order that he may conect the 
difficulties. 

Another clock, Riefler No. 60, was set up in our clock vault iu 
March for testing before shipment to its station at Guam. This clock 
is a duplicate of tne former one except that it has a maintaining spring. 
Its case leaked from the first, but now, since its joints have been 
worked over by Mr. Cleve, it seems to be air-iight. This clock also 
produces occasionally extra bi-eaks on the chronogiaph at the time of 
the winding of the clock, but it has never failed to wind since we have 
had it. It nas been used as the sta,ndard sidereal clock since May 19. 

The following i-ates are deduced from a preliminary reduction of the 
observations, in which the irregularities of the pivots and the effect of 
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the screens used in observing are neglected and in whiuh a preliminary 
set of relative personal equations of the observers is used: 
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GENERAL REDUCTIONS. 

The order of the ISuperintendent, dated November 27, 1J'03, states 
tbat— 

The committee on e<litiiig fin<l printing shall contust of * * * , the head of the 
divieion of meridian instruments to be the secretary. 

The secretary to the committee shall be the custodian of all recorda in the archives 
of the department of astronomical observation b, and shatl have charge of the proof 
reading and the preparation of printer's copy of thia department and of such reduc- 
tions of observations and checking as tan not be done in the division in which the 
obeervationa are made. 

Astron&miiche Geselhchajt Zi.ne Caialujve —Vf- 5ff to —18'=' 10'.— 
The precessions and secular variations for 1900.0 for Ihiscatalc^ue are 
fitiisned. The 1,431 stars in Bessel's Zones that are also in this cata- 
logue have been reduced to IJtOO.O for purposes of comparison, and 
a similar reduction of the stars in Lalande s Histoire Celeste. Arge- 
lander's Southern Zones, and Miinchener Sternverzeichniss I and ]1 
is in progress. This work is being carried on under the direction of 
Professor Skinner, and much of it is being done by him personally. 

Waahingidtt Zone Cataiogne. — The work of revising the Washington 
Zone Observations of Ig46-I?49, as described in detail in my last 
annual report, has been pushed as nnuch as the limited force of com- 
puters ana the prees of other work would allow. The comparison of 
the mural zones with the Cordoba Geneial Catalogue tns been com- 
pleted, and from this comparison zone corrections for about half the 
zones have been deduced. These corrections have been applied to all 
the stars of the first 25 zones. The preliminaiy revision of the transit 
zones is about two-thirds completed and about- one- fourth of the zones 
have been compared with the Cordoba General Catalogue. 

The 1,000 unpublished observations made with the meridian circle 
in 1851-62 have beCn reduced to 1850.0 and the reduction of the 3,500 
unpublished observations made with the tame instrument in 1847-48 is 
well advanced. The reductions of these unpublished observations are 
being carried on under the direction of Professor IJttell. 
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In the published results from the mural zones the right ascension of 
nearly 4,000 stars and the declination of over 4,000 stars have been 
changed. All changes in the published positions are made only after 
a personal inspection by Professor Eiehelberger. 

Printing. — Since the last report, Volume V, Publications of the 
United States Naval Observatory, Second Series: Meteorological 
Observations and Kesults, 1893-1902, has been published. Parts I 
and II, Volume IV, are in type, and the printer's copy of Part III is 
more than half ready. The plates for the illustrations of Appendix 
I, Volume IV, Reports on the Total Solar Eclipses of 1900 and 1901. 
are being made, and it is expected that the presswork will be begun 
this summer. 

PERSONNEL. 

The following members of the Observatory force have been attached 
to this division at some time during the year ending June 30, 1904, the 
first six principally as observers, the remainder as computer en^ged 
in general reductions under the direction of the committee on editing 
and printing: 

Prot. William S. Eithelberger. 

Prof. Frank B. Littell, tor five months. 

Asst. ABtronoiner Herbert L. Rice. 

Computer William M. Brown. 

Computer Everett I. Yowell. 

Computer Herbert R. Morgan, for seven months. 

Computer John C. Hammond, for tiiree months. 

Computer Eleanor A. Lamaon. 

Computer Arthur B. Turner, tor one week. 

Miscellaneous Computer Etta M. Eaton. 

Miscellaneous CompOter Delonza T. Wilson, for one month. 

MiscellaDeous Computer Cbarles E. Yost, for ten weeks. 

Miscellaneous Computer Charlee N. M.oore, for t«n weeks, 

MiscelUneous Computer Alice M. Gray, for seven months. 

Miscellaneous Computer Ella A. Merntt, for sis months. 

Miscellaneous Computer Florence A. Graves, for six months. 

Miscellaneous Computer Matt Frederickson, for three months. 

Miscellaneous Computer Perez Fisch, for three mouths. 

Miscellaneous Computer L, Adolph Richards, for three months. 

Miscellaneous Computer Jesse Pawling, jr., for one month. 

Only a small portion of Mr. Hammond's time was spent on general " 
reductions, the larger portion being given to making asteroid observa- 
tions on the 12-incTi equatorial and reducing the same. 

The large number of miscellaneous computers is due to the inability 
to secure eligibles for these positions during the early months of the 
fiscal year. The regular number is four. 

In conclusion I desire most heartily to commend the willingness with 
which each and every duty assignecf to members of this diyisjon is 
undertaken, and the painstaking faithfulness with which it is performed, 
and further, to call attention to the fact that the value of the service 
performed by the computers doing duty as observers is far in excess 
of the renumeration thej- receive. 
Very respectfully, 

W. S. ElCHELBEBOER, 

Profesxor of MatheumticD^ U. S. Navy, in Charge. 
The Superintendent of the Naval Obsertatory. 
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DIVISION OF THE ALT-AZIMUTH INSTRUMEhT. 

Sir: The alt-azimuth instrument ffas in charge of Mr. Hill until 
December, 1903, when the division of the alt-azimuth instrument was 
established by the Superintendent with a view to enlarging the work 
of this instrument by assigning to it an observer unhampered by other 
observing duty. From July 1 to December 1, 1903, Mr. Hill secured 
465 vertical -circle observations of stars of a list selected fiom those 
recommended by the Paris Conference. 

After the establishment of the new division it was decided to take 
up the observations of all of the stai's of Newcomb's Suggested List of 
Fundamental Stars culminating here at zenith distances less than 75'-. 
The number of stars on the list is 1,186 above the pole and 136 below 
the pole. When the zenith distance is gi-eater than 10% a double 
observation is obtained, one a few minutes before and one a few min- 
utes after meridian passage, the instrument being i-eversed in the inter- 
val. The observation is made by noting the time of the oblique transit 
of the star over the horizontal thread at the middle of the held. For 
stars of smaller zenith distances the instrument is clamped in the 
meridian and used as a meridian circle. By making the bisections at 
the side of the field the observer is able to secure a double observation 
with reversal. The number of vertical-circle observations secured 
from December 1, 1903, to June 30, 1904, is 1,030, making a total for 
the year for this instrument of 1,495. 

The observations have not been sufficiently reduced to determine 
the quality of the resulting declinations nor the relative efficiency of 
the two methods of observation. 

The two alidade levels and the striding level were tested during the 
winter, and as the striding level tube showed some superiority to the 
upper alidade level, it has been substituted for it. 

The determination of the division errors of the circle is planned for 
the near future. The circle will also be shifted at intervals. 

In order to maintain the verticality of the axis of the instrument it 
has been found necessary frequently to adjust the base screws by small 
amounts, and to facilitate this adjustment they have been provided with 
pointers and graduation by the instrument maker of the Observatory. 

The necessity of a more suitable house for the alt-azimuth and of the 
erection of collimators has been noted in several previous reports, and 
1 urge the desirability of early action on these matters. 
Very respectfully, 

Frank B. Littell, 
J^-ofessor of Mathematics, U. S. Navy, t 

The Superintendent of the Naval Obsbrvatort. 



DIVISION OF THE PRIME VERTICAL INSTRUMENT. 

Sir: For the year ending June 30, 1904, the following is respect- 
fully submitted as the report upon the operations in my division: 

'Hie prime vertical transit instrument having been in constant use 
since the spring of 1893, it was decided at the beginning of the fiscal 
year to dismount it for general cleaning and repairs. Specifications 
outlining the conditions that demanded rectification were submitted to 
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two astronomical instrument makers. The estimate of The Warner & 
Swaaey Company, of Cleveland, Ohio, being the lower as well aa the 
more satisfactory, was accepted. 

An ecamination of the in.strument after it had been taken down, as 
well as previous knowledge of its condition, indicated that the follow- 
ing repairs were requiretl: 

To refigure and repolish the pivots; to cut new scores in the reticule 
plate, and replace the system of tmnsit threads by a more elaborate 
one; to remove the lacquer from the outside of the cube and the two 
tubes, and the dead black from the inside; then to repaint all parts, 
and reproduce a dead black on the inside of the cube and tubes; to 
clean tne micrometer box, including the screw and the micrometer 
head, and the setting circles; to reface the two wyes; and to resurface 
the friction rollers upon which the instrument rests. 

Dunng the time the instrument was away for the above repairs, 
Mr. Cleve, assisted by Mr. Coulon, dismounted the reversing appara- 
tus that is fastened to the pier beneath the floor of the observing room, 
and gave each part a thorough cleaning with gasoline. They also re- 
moved the paint from the upright supports that hold the instrument 
when it is being leversed, the level frame, the level crane, and its dif- 
ferent parts. These weie all repainted to correspond to the other 
portions of the insti-ument as repaired by the instrument makers. 

Mr. Cleve lias also remodeled the mercury basin to prevent, as much 
as possible, tremonj reaching the thin BIm of mercury therein. 

In the specitications sent to bidders special emphasis was laid upon 
the requirement that in figuring the pivots they must be polished and 
lapped to as near true cylinders as it is possible to make them. The 
Warner & Swasey Company, with the advantage of their fine machines, 
have shown great skill in reforming the pivots, and thev have produced 
two as nearly true cylinders as modern mechanical metliods can obtain. 

The system of transit threads formerly in use consisted of two tallies 
of seven threads each, spaced on either side of the thread that appi'oxi- 
mately marks the middle of the field and with sufficient interval there- 
from to pennit the instrument to be revolved 180" after the star had 
passed the thread nearest to the middle thread and before it would 
reach the same thread on the opposite side of the field. The instni- 
ment can be reversed without haste, then I'eset to the proper zenith 
distance of the stef. within a period as short as thirty seconds of time. 

The equatorial interval of the threads was about three seconds. A 
star on the prime vertical, and relatively near the zenith, moves quite 
slowly. For example, a Lyrte formerly consumed eleven minutes in 
making a complete transit from the first thread to the last one on the 
reversed set. In the new reticule, devised by the observer, the space 
between threads has been so i-educed that it takes the same star onl^' 
five minutes to transit the same number .of threads. 

One of the possibilities in prime vertical transits made in accordance 
with the Struve method, i. e., in which the instrument is reversed at 
each vertical for the puipose of eliminating the error of colHrnation, 
is that the collimation maj' change in an interval as large as 11 minutes. 
To guard against that possibility the scores on the reticule plate have 
been placecTwith a width of only jjir of an inch between each. The 
observer has long been convinced that the reticule should be so formed 
that transits direct and by reflection would be possible. Advantage - 
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Tvas taken while tlie instrument was dismounted to have scores made 
for two additional tallies, of seven threads each, placed outside of 
those mentioned, and so spaced therefrom that sufficient time would 
■ be allowed after a star had transited one of these outer sets to 
repoint the telescope for an observation direct or "by reflection over 
one of the inner sets. In other words, the method of procedure is to 
observe a star direct over one of the outer tallies, then repoint the 
telescope and oljserve over one of the inner sets by reflection, reverse 
the instrument and go through the same pro(«ss. By that scheme the 
error of level of the instrument is eliminated from the transits, what- 
ever may be its value, as is also the inequality of pivots, and the mean 
of the two resultinff declinations observed direct and by reflection is 
free from any visual determination of the level by aid of a spirit vial. 
A complete chetrk is had upon a change in the reriiaining instrumental 
error, the azimuth, from readings m^e on the azimuth mark through 
the long focus lens, both before and after the transit of the object 
across each of the two verticals. 

The instrument was out of use from August 15 until November 12, 
1H03. 

Observations of the list of 3S0 stars, for their declinations, mention 
of which was made in the last annual report, were cfjmpleted in Feb- 
ruary, 19(li. Five observations have l)een secured of each star, as 
this numlx-r is considered ample for the purpose of giving a good 
position. The majority of these stars have not been observed foi' the 
past forty yeai-s, except for the two or three observations secured in 
the zone observations made under the direction of the Astronomische 
Ge-sellschaft. In a few instances I have found evidence of proper 
motion. 

The completion of observations of these faint stars has led to a 
study of the accordance of declinations of the two classes of stellar 
images, bright and faint, when observed in the prime vertical. The 
data that have been accunmlated indicate very clearly that better and 
more accordant declinations and the periodic changes in these may be 
secured from fainter than from brighter stars. These two terms 
include, first, stara between the magnitudes 5 and 7.5 and, second, 
between the magnitudes 1 and 3.5. 

Commencing in February last the observer has adopted the poljr^on 
method of observing with the instrument for the purpose of obtaining 
the variation of latitude and a correction to the constant of aberration, 
which method has been used with such marked suci-ess by zenith tele- 
scope observers. Four groups of four stars each have been selected. 
The avenge right ascension for each group has been made as nearly 
aa possible six, fourteen, eighteen, and twenty-two hours, respectively. 
The avei"age magnitude of the stars in each of the four groups is 6.8, 
7.2, 7, and 7. It is not practicable to include more than four stars in 
a group, because it occupies so much more time to observe a star in 
the prime vertical than it does in the meridian either with a zenith 
telescope or with a meridian or vertical circle. It will take from seven 
to eight hours to secure transits of the stars in two groups when both 
are obseiTed on the same night. The magnitude of a Lyrw and 
Auriga;, which stars are included in two of the groups, will be 
reducetf by the aid of a wire screen to conform to the other stars in 
their respective groups. 
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With the prime vertical tmnsit instrument there have been secured 
during the year 314 observations. There have been made to date, from 
the commencement of observations at this Observatory, 1,095 observa- 
tions of or Lyrte, and this closes the eleventh year of contitiuous obser- 
vations with the instrument by the same observer. 

The following is a statement of the condition of the reductions: 

The transits are entered on the reduction sheets up to January 24, 
1904. They are completely reduced, and finally checked up to the 
commencement of 1903, They are entered on the printer's copy up to 
January 1, 1902. During the year I have carried through the com- 
plete reduction of 667 transits. The eheckin|r of that work has, for 
the most part, been done by Miss Lamson. The annual precessions 
and the secular variations for the epoch 1900, for the 390 stars, have 
been <«mputed by myself, and they are now ready to te checked. 

An additional computation that is nearing completion is a determi- 
nation of the latitude of the instrument, from olwervations extending 
over the past ten years, basing it upon the three standard systems of 
declination now at the service of astronomers, namely, that of the 
Fimdamental Catalogue prepared in the United States Nautical Alma- 
nac Office, that of Prof. Lewis Boss as published in the Astronomical 
Journal No. 531, and that of Dr. A. Anwers, after applying the cor- 
rections to his star places as printed in the Astronomiscne Nachrichten 
Nr. 3927-9. The stars common to these three systems have been 
reduced to each mean year covered by the prime vertical observations. 

With these data the difference between catalogue declination and 
observed declination has l»een taken for all individual observations. 
From about 30 of those differences a well-determined value of ^^ will 
be secured, which is to be applied to the latitude used in making the 
'reductions. The above metnod will be followed so as to secure well- 
detennined latitudes extending over the entire period of this series of 
observations, and each based upon the mean of 30 values of ^<l>. To 
each of thase determinations and for each system will be applied the 
latitude variation that has been computed and published both by Dr. 
8, C. Chandler and Doctor Albrecht. The probable ei"i'or of the lati- 
tude as obtained from these three systems wiU then be computed. So 
faras the observations are concerned the result of this discussion, based 
on a continuous series of ten years' observations, will be interesting in 
showing which of the three systems has the smallest probable error 
when all the star places used are referred to the same point in the 
heavens. The results of the discussion will be printed in one of the 
astronomical journals. 

Observations were continued with the vertical circle until Decem- 
ber 1, 1903, when, by order of the Superintendent, I was relieved 
from charge of the instrument. From July 1 until November 30, 
1903, 465 vertical circle observations were secured. 

The reductions are now eighteen months in arrears, not to mention 
the checking of the copy for the printer, extending over the past ten 
years. The copj' has been made by myself, and it will have to be 
read by two persons before it goes to the printer. It contains over 
8,000 observations. Moreover, the first ten years' work should be 
reduced for the purpose of determining the constant of aberration. 
In that discussion over 1,400 equations of condition will have to be 
computed. 
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I wi«h to express my appreciation of the ai^sistance 1 have received 
fi-om Miss Lamson, who tias practically done all the checking on the 
work after I had made the first reductions. Her computations and 
checking have been both thorough and accurate. 
Veiy respectfully, 

Geo. a. Hn,L, 
Assistant Astronomer, in Charge. 

The SUFEHINTBNDENT OF THE NaTAL ObSEETATORT. 



THE PHOTOHELIOGKAPH. 

Sik: I have the honor to report that during the fiscal year ending 
June 30, 1904, the sun has been photographed with the photohelio- 
graph on two hundred and ten days, and solar spots and faculte were 
observed on these plates on one hundred and ninety-two days. This 
is an increase over the preceding year of eight days on which the sun 
has been photographed, and of ninety-three days on which spots were 
observed. 

An enormous group of spots, the largest since 1898. made its appear- 
ance on October 5, liJOS. This was announced from here, and received 
much notice in the daily and scientific papersand the magazines. Dur- 
ing the year several other large groups, though smaller than theone just 
mentioned, were observed hut were not publicly announced. The 
definition and quality of these solar photographs, owing to the exact 
determination of the teiupei-ature variation of the focal plane, is very 
excellent. 

As lenses of the type used for this sun work are also employed for 
large scale photographs of the inner corona on eclipse expeditionsj it 
was decided to procure a new, larger, and improved lens, for which 
the contract has been let. The apertui-e is to be 7.5 inches and the 
focal length 65 feet. This length will give an average solar image of 
1 inches diameter instead of 4i inches, which is the size given by the 
present lens. This lens is to be of triple construction, and corrected 
for both the visual and actinic wave-lengths of light. This correction 
will permit the use of either ordinarv or orthochromatic photographic 

f)late^ with equal advantage, since tlie new lens will bring all wave- 
engths practically to one focal plane. In eclipse work this is of 
especial advantage, as the light from the chromosphere and promi- 
nences will come into exact focus. 

Very respectfully, Geo. H. Peters, 

PhotograpJtefF, hi Charge. 
The Sopekintesdbkt of the Naval Observatory. 
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Sir: I have the honor to submit the following report on the library 
for the fiscal year ending June 30, 1904: 





Volumes, 


Pamphlels. 


Tolsl. 


Conlentg of the library jQly 


1903 


18,870 
406 


4,068 
















19,276 


4,138 


23.4l» 





Of the accessions, 287 were received as exchanges and 199 were 
purchased. 

The following publications were distributed: 

Publications, Second Series, Volume V, containing Meteorological 
Observations and Results, 1893-1902. 

Report of the Superintendent for 1903. 

Since July 1, 1903, all the scientific pamphlets have been catalogued. 

In regard to the small number of purchases reported during the 
last five years, it should be stated that the prices of higher class tech- 
nical works are much higher than those of ordinary nooks. In the 
literature of mathematics and astronomy the Observatory library is 
the most complete and valuable in the country. It is especially rich 
in the serial publications of the older scientitic bodies of Europe and 
in the scientific journals of the last century. But unfortunatelv there 
are gaps in some of the series. Most of the books required to fill 
these gaps are rare and difficult to obtain, and it is highly important 
to obtain them before they become rarer and more costly. 

The library is used not only by the scientific bureaus of the Gov- 
ernment and the institutions of learning in Washington, but its value 
is recognized and it is consulted by scientific workers from distant 
parts ot the United States. About half of our present appropriation 
13 expended in 8ul>scriptions to serial publications dealing in astron- 
omy. And after desk books, upon which there is considerable wear 
and tear, are provided for the various departments, including the 
Nautical Almanac, there is but little left for the purchase of either 
old or new books or to provide the necessary fixtures for the libi'ary. 
Therefore, in order that the library may be kept up to its present 
standard, the amount of $1,000, the annual appropriation for the 
fiscal years 1887 to 1898, is considered essential for the future. 

The shelving provided for the library when the Observatory removed 
to its present site accommodates but two-thirds of the present collec- 
tion. The other third is partly stowed away on unstable shelves in 
the old record room, out of reach, and insufficiently lighted. The 
remainder is in the basement, surrounded by steam pipes, lumber, and 
packing materials. It seems that the time has come when some steps 
should be taken to provide modern fireproof shelving for the over- 
flow. Whether this could best be accomplished by constructing 
another gallery and extending the alcoves in the rotunda or by erect- 
ing stacks there or elsewhere is a question requiring careful con- 
sideration. 

Very respectfully, Wm. D. Hobioan, 

LihraHan. 

The SUPEKINTENDBNT OF THE NaVAL OBSERVATORY. 
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DEPARTMENT OF THE NAUTICAL ALMANAC. 

Sir: I have the honor to submit the following report of the opera- 
tions of the Nautical Almaaac Office for the fiscal year ending June 
30, 1904: 

PRINTING. 

The following publications were received during the year from the 
Government Printing Office: 

The American Ephemeris and Nautical Almanac for 1907, first edi- 
tion, 1,010 copies. 

The American Nautical Almanac for 1907, first edition, 510 copies. 

The Pacific Coaster's Nautical Almanac for 1904, first edition, 1.78ft 
copiea. 

The American Ephemeris and Nautical Almanac for 1904, second 
edition, 729 copies. 

The American Nautical Almanac for 1903, second edition, 152 copies. 

The American Nautical Almanac for 1904, second edition, 2,340 
copies. 

DISTBIBDTION OF PUBI.ICATION8. 

During the fiscal year ending .Tune 30, 1904, the sale and distribu- 
tion of publications were as foTlows: 



Title. 


1 Public 

SOW. l^^^^l 

changes. 


Total. 


American Enhemerli 


■m 1,07» 
2,711 1 289 





















The proceeds of sales, amounting to $1,847.13, have been deposited 
with the Treasurer of the United States to the credit of public pnnting. 

THE AMERICAN EPHEMERIS. 

I have to report that the current work of this office is fully up to 
date, the American Ephemeris for 1908 and the American Nautical 
Almanac for 1908 being about one-half in type, thus insuring their 
issue on January 1, 1905, the earliest date authorized by law. 

The omission from the British Nautical Almanac of the Lunar Dis- 
tances has caused the cancellation of an agreement entered into some 
years since whereby the work of preparing these computations was 
divided between the two offices. The publication of the Lunar Dis- 
tances is, however, continued in the American Ephemeris. 

MISCELLANEOUS. 

Recent legislation by Congress has reduced far below its needs the 
number of copies of the American Ephemeris authorized by law to be 
supplied to the Navy Department for sale and distribution. It has 
been necessary to supply the deficiency by requisition upon the funds 
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of the Navy Departoient, although the law provides that the proceeds 
of the sale of these copies be deposited to the credit of the general 
printing fund. It is respectfully sujfgested that legislation be recom- 
mendea providing for the printing of the full number of copies needed 
for sale and distribution. 
Very respectful I}', 

Walter S. Harbhman, 
Professor of Mathematica, U. S. Navy, 

Director Jfauticdl Ahnanac. 
The Superintendent of the Natal Observatory. 



DEPARTMENT OF NAUTICAL INSTRUMENTS. 

Sir: I hare the honor to submit the following report of the depart- 
ment of nautical instruments for the fiscal year ending June 30, 1904: 

The supply of nautical instruments to vessels in commission, or 
about to be commissioned, to navy-yards and shore stations, wireless 
telegraph stations, the naval militia, etc., has proceeded regularly and 
promptly, in accordance with the shipment orders received. 

Invoices for all expenditures have been promptly prepared and for- 
warded, and since April 1, 1904, hills of lading have been prepared 
and issued with all shipments made by either freight or express. 

Requisitions for instruments necessary to replenish stock have been 
prepared and the instruments purchased have been inspected, marked, 
and stored ready for issue. 

In January a survey was held on a large number of instruments 
which had been returned to the Observatory from ships and stations 
during the year, the invoiced value of which exceeded $11,000. 

The following facts, as bearing on the supply of nautical instru- 
ments to na^'al vessels, are deemed worthy of notice, viz: 

(a) A board for the trial of prismatic binoculars convened at the 
Observatory by order of the Chief of the Bureau of Equipment od 
October 32, 1903, and after an examination and test of samples of 
glasses submitted by various American makers and agents of foreign 
makers reported that, all things considered, it was deemed most advis- 
able to purchase for naval use the prismatic binoculars made by The 
Warner & Swasey Companv, of Cleveland, Ohio. Since then this firm 
has devised amber shade-glasses to be fitted to the eyepieces of its 
binoculai-s which are found to have the valuable feature of deepening 
contrasts without in any way detracting from the definition. Twelve 
pairs of these glasses thus fitted were purchased for issue to naval 
vessels and 50 more have been ordered. 

(S) The specifications for deck clocks have been revised and specifi- 
cations prepared for boat clocks, all of which are of such a character 
as to insure naval vessels being supplied with the best marine clocks 
which the market affords apd at a very reasonable cost. 

(c) Steps have also been taken to insure the issue to ships of a better 
and more reliable class of thermometers than formerly. Of 325 air 
and 320 water thermometers purchased since October, 1903, only one 
of each failed to pass inspection. 
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{d) In January a new sextant testing machine was received from 
the makers, the Keuffel & E&ser Company, of New York, This is a 
handsome, accurate, and finely finished instrument, by which the long 
and arduous labor of inspecting sextants has been lightened and greatly 
facilitated. 

Your attention is most urgently invited to the pressing need of 
increased expert and clerical assistance in this department of the 
Observatory. The oificer in chaise has, to assist him, only the partial 
services of one clerk, class 2, Mr. E. A. Boeger. This gentleman has 
qualified himself as an expert in the inspection of instruments of pre- 
cision and as such his services are invaluable, but the work of inspec- , 
tion is hajupered and delayed by the multiplicity of his clerical duties 
which call for the preparation of the following papers, viz: 

1. Requisitions for instruments and supplies of all kinds. 

2. Inspection calls for all instruments and other supplies received. 

3. Vouchers for payments of instrumentis, supplies, repairs, freight 
and express bills; together with the calculation and report of penalties 
incurred by contractoi-s for late deliveries. 

4. Invoices of all expenditures. 

5. Bills of lading for all shipments by express or freight. 

6. Reports of receipt of shipment ord.ers, of shipments made and of 
shipments received. 

7. Monthly reports of stock on hand. 

8. Quarterly reports of receipts and expenditures, together with the 
accompanying abstracts of receipts and expenditures under both classes 
"A" and "B." 

9. Quarterly reports of work done. 

10. The posting of expenditure, receipt, and requisition books. 

11. Together with the preparation of letters and indorsements, the 
frequent search of records for information desired by bureaus and 
individuals, the filing of certified bills, shipment orders, approved 
requisitions, notices of contracts awarded, and numerous other papers. 
He is, in fact, charged with all the clerical work, and must have the 
whole routine and business of the department at his fingers' ends. 

A comparison of the table at the end of this report with those sub- 
mitted in former reports will show the great increase of the work of 
this department over that of years preceding the large increase in the 
number of vessels in commission. 

There are required immediately for the proper performance of the 
functions of this department in its rapidly increasing business: 

First, The exclusive services of the present assistant. 

Second. An additional clerk to a^jsist in the inspection of instruments, 
preparation of papei-s, and keeping accounts. 

lliird. One stenographer and typewriter for the writing of letters, 
reports, indorsements, etc, , and for the relief of both of the above from 
such clerical duties as may be possible, leaving them more time for the 
most important and engrossing work of inspection and test of nautical 
instruments. 

The number of shipments made during the year was 338, amounting 
in value to $71,719.30. 

The value of instruments received during the year was, by purchase, 
158,727.40, and by return from navy-yards, etc., $38,606,66. 
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The number of instruments received and issued during the year is 
shown iu the following table: 

Seeeipti and -axueg of nautical inOruments. 



Name. 


PnicliBBed. 


Ifflued. 


ArHfloifll hortzoDS 


20 










88 

i 


























ChnlDOmelera: 


175 












Clocks : 
























! 
























60 






g 


























81 






















15 
80 








Spygassea: 


78 














"Toi-S" 










40R 




















Wafches: 






S5 

















Very respectfully, 

J. M. Robinson, 
Commander, U. 8. Namy, in Charge. 
The Superintendent op the Naval Observatory. 
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DEPARTMENT OF CHRONOMETERS AND TIME SERVICE. 

Sir: I beg to submit the following report of the work of this depart- 
ment for the fiscal year ending June 30, 1904: 

Mr. H. R. Morgan, computer, remained on duty in the department 
for the first half of the year and was relieved on January 1, 1904, by 
Mr. C. N. Moore, computer, who remained in the department for the 
remainder of the year, after May 1 as a miscellaneous computer. I 
take pleasure in saying that both of these gentlemen rendered very 
intelligent and vatuabte services as soon as they became familiar witn 
the special work on hand, and were indispensable in carrying on the 
work of the department, 

RECOMMENDATION OF INCREASE OF FORCE, 

I beg to repeat my previous recommendations that a permanent expert 
computer, at $1,600, be allowed to this department, because much 
of the time of a new computer detailed for the position is occupied in 
acquiring familiarity witn all of the details of his duty. It would be 
economical, also, to have another assistant, at $1,400, with sufficient 
special technical training to clean and adjust clocks, watches, and at 
least hack chronometers. The saving of expense for such repairs in a 
year would, it is believed, more than pay his salary and at the same 
time enable the work to be done quicker and without any of the clerical 
work that is now necessaiy on the part of this Observatory and the 
Bureaus of Equipment and Supplies and Accounts in making requi- 
sitions, obtaining bids, awarding contra<!ts, and forwarding articles 
back and forth by express. No private firm doing such a large and 
important business in this line would hesitate a moment in employing 
such an expert, and the necessity is still more vital here, in view oi 
the emergencies of naval work in both peace and war. 

SAVING OF TIME WITH INCREASED BPFICIENCT, 

Every effort has been made, in view of the short-handed condition 
of the Observatory force, to adopt every possible expedient by which 
to save time without loss of accuracy, and in two instances this has 
resulted so favorably that they seem worthy of mention, as follows: 

Inasmuch as the new Kiefler clock in the clock vault was found to 

fve excellent results, as used by the division of meridian instruments, 
recommended that a wii-e be run from it to the chronograph in this 
department, in order that it might be used in connection with the other 
clocks of this department. With your approval this was done, and 
since November this fine clock has been available for our use, without 
even the necessity of ever walking over to get its face reading. More- 
over, the regular star observations of the division of meridian instru- 
ments have been worked out promptly by the computer on duty in this 
department, thus saving the time and labor involved in the use of our 
own transit instrument, which is now available for other work. 

A second and minor instance, but still of considerable importance in 
the saving of time daily, is a quick method that has been adopted of 
recoi'ding on the chronograph the comparisons of the many chronom- 
eters and watches that are under trial. Hitherto it has been done 
quickly by pressing an electric key at any ten-second reading of each 
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chronometer, with an arbitrary signal to indicate which 10 the signal 
indicated, but at present it is done much mure quickly by pressing the 
k^y at any live-second interval, a dash half a second long indicating 5, 
15, 25, etc., and one second long, 10, 20, 30, etc. Then, m reading the 
chrongraph sheet, read units and tenths, adding 5 to the reading of 
the short dashes, and record the proper tigure as shown by the regular 
weekly face comparison. In obtaining and recording data for 100 
chronometers this method saves fully tifteen or twenty minutes a day, 
and is perfectly reliable. 

The new forms that were prepared and printed last year for use in 
keeping chronometer records and deducing results of daily compari- 
sons, trials, and performance at sea have also resulted in the saving of 
time and increased accui'acy of results. 

CHRONOMETEH8 WITH NICKEL-BTEEL COMPENSATION. 

In view of the experimental and apparently successful use abroad of 
marine chronometers with balances of nickel steel, or Invar, a compo- 
sition of wonderfully small coefficient of expansion, this department 
recommended that some be tried in our service. With your approval 
and that of tlie Bureau two chronometers of this kind were purchased 
(Nardin No. 115 and No. 120), subjected to an exhaustive trial at this 
Observatory, and are now undergoing a sea trial of three months on 
board of the U. S. S. Hartford. By thus keeping abreast of the times 
and utilizing whatever seems to promise improvement, it is hoped to 
serve the best interests of the Navy and of American commerce, as 
well as of American chronometer makers, who will doubtless watch 
the trial with great interest and profit by its results. 

CHRONOMETERS PROM THE LOUISIANA PURCHASE EXPOSITION. 

For reasons similar to those stated above it wa.s suggested, in reply 
to inquiries fi-om the Bureau relative to the cost and performance of 
foreign chronometers as compared with those made in this country, 
that the exposition at St. Louis furnished a good opportunity to enable 
us to put through the next regular chronometer trial at this Obser\'a- 
tory a few of the best foreign marine chronometers on exhibition there, 
with a view to comparing them with our own. Arrangements have 
accordingly been made to do so, with the inducement held out to the 
various makers that some of their instruments would be purchased if 
they passed the trial well. Such action bids fair to add to our naval 
chronometers a number of the very best instruments of foreign make, 
and the results of the trial of all tlie various chronometers under iden- 
tical conditions at this Observatory can not fail to he of great interest 
and value. 

PROI-OSED TRIAL OF TORPEDO-BOAT WATCHES. 

It having become necessary to purchase more torpedo-boat watches 
for use in the service, a type of watch not j^et manufactured in this 
country, it seemed desii-able to notify the principal American watch- 
makers, as well as firms of establislied reputation abroad, in order 
that they might he given an opportunity to compete if they so desired. 
Specifications were accordingly prepared, approved by the Bureau, 



UNITED STATES NAVAL OBSERVATOEY. 49 

and sent to leading American and foi-eign firms. It is regretted, how- 
ever, that as yet no American firms &.ve accepted the invitation to 
compete. 

It is understood, of course, that the miuiufacture of a new type of 
watch involves a large initial expense, and that the present purchase, 
even in its entirety, would by no means justify such an undertaking; 
and yet it would seem as though some enterprising firm might find 
in possible future sales for the use of the Navy, yachts, carriages, 
automobiles, milroads, and other sources of demand for a large, clear, 
accurate $100 watch, such a market as would justify the necessary plant. 
The proposed trial will be similar in all respects to the regular annual 
trial of chronometers, and take place at the same time, beginning in 
January next and ending the following June. The prices offered by 
the specifications range from $150 to $75, according to the results of 
the trial. 

TRIAL OF NEW DECK CLOCKS, WATCHES, AND HACK CHBONOMETERS. 

Much of the time of the department has been occupied with the 
trial of ordinary deck clocks, comparing watcTies, and stop watches, 
purchased from time to time as required and tested according to the 
various specifications issued by the Bureau. The following tabular 
statement will serve to indicate the amount of work' of this kind that 
has been done, especially when it is remembered that the instruments 
come each in different lots, not all of a kind together, and that the 
periods of trial vary from one to three months, according to the type 
of timepiece: 

Tried during the vear: 

Deck clocks So. I J94 

Deck clocka No. 2 188 

Boat clocks 109 

Comparing watches 113 

Stopwatches H4 

Hack chronometers 8 

In addition to the above 6 torpedo-boat watches were tested under 
the old specifications, the trial lasting twelve weeks. 

THE INSPKCTION OF NAVIGATIONAL INSTRUMENTS. 

As senior officer of the board of inspection it has been my duty to 
assist in the inspection of, and certify to the correctness of bills for, 
all the navigational instruments purchased, as well as of the many 
other articles that are-required from time to time. 

As regards *he inspection of navigational instruments I take pleasure 
in expressing mv appreciation of the invaluable assistance of Mr. E. A. 
Boeger, formerly a computer and now clerk class 2, whose long expe- 
rience in such inspections has made his expert work and opinion of 
■ the greatest value, and who. by reason of my own absorption in my 
regular duties, has done practically all of the delicate expert work 
required by such inspection. In other inspections I have been mate- 
rially assisted by Mr. G. H. Peters, photographer, Mr. William M. 
(jorman, captain of the watch, and other members of the Observatory 
force, according to the nature of the articles to be inspected. 
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In this inspection alone there is, in my opinion, ample work to justify 
the detail of a line officer whose entire time could be occupied by it, 
to his own advantage as well as to that of the Observatory and the 
entire ser\'ice, inasmuch as the thorough inKpection of navigational 
instruments before issue is a matter of actual necessity. 

TRANSrr INSTRUMENT REPAIRED. 

Advantage has been taken of the present system of using in this 
department the Riefler clock and observations of the division of merid- 
ian instruments to send the 5-inch south transit instrument, which has 
been in constant use for many years and has long needed a thorough 
overhauling, to The Warner & Swasey Company, of Cleveland, Ohio, 
for repairs. When returned it is expected that it will be equal in all 
respects to a new instrument, and I understand that it is your intention 
to have it utilized in connection with some special line of work not 
directly connected with the work of this department. This change 
will be of undoubted advantage to the Observatory as a whole, both 
by preventing what has long been practical duplication of a part of 
the work and by enabling every instrument to be used to the best pos- 
sible advantage. 

TRIAL OF A NEW TYPE OF SHIP's CHRONOMETER CHE8T. 

The board appointed by your order of February 8, 1904, to design 
a new type of ship's chronometer box or chest by reason of a com- 
plaint referred to this Observatory by the Bureau, consisting of myself 
as senior member, Mr. H. C. Cleve, instrument maker, and Mr. W. W, 
Dinwiddle, assistant in spectroscopic work, submitted a plan involving 
certain modifications of the type of wooden chest now in use. Not 
entirely satisiied with this plan, however, I have made further efforts, 
with your approval and that of the Bureau, to design and construct 
two different types of chest, with a view to (1) a better stowage of the 
chronometers as regards liability to rapid changes of temperature, (2) 
a better matenal as regards fireproof or at least slow-burning con- 
struction, and (3) a iitilization of the ordinary or of an improved type 
of transporting case, which is now stored away and of no use during 
a vessel's entire cruise. ' 

As a result of these efforts, involving considerable correspondence 
and experiment, two new types of chest have been constructed and 
have been sent on board of the U. S. S. Hartford for a practical trial 
at sea this summer in comparison with the old wooden type of chest 
alreadj' on board. 

In requesting such sea trial the object was to adhere to the well 
established principle that it is of the greatest importance to teat at sea 
under actual conditions on board of naval vessels every new type of 
equipment intended for such use. The report of this trial will natu- 
rally be given great weight in any future recommendation on the sab- • 
ject, involving, as it may, a possible change of type of chronometer 
chest for the entire service. 
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REOULAK ANNCAL TRIAL OP CHRONOMETERS. 

This trial began at noon, January 14, and ended at noon, June 20. 
It be^n with 42 new chronometers, subject to purchase after the trial, 
60 old mean-time standards, 6 sidereal chronometers, 15 torpedo-boat 
watches, 6 chronometer watches, and 4 thermometric chronometers, a 
totalof 112 chronomet^rsand 21 watches, 133 in all. The tern pei-ature- 
room trial ended on April 8, and the chronometer-room triaion June 
20. Some of the chronometers and watches were withdrawn for issue 
during the trial, most of these, however, late enough to allow of the 
calculation of an approximate trial number, but 81 chronometers and 
17 wat«hes completed the entire test. 

The accompanying tabular statement of data gives the complete 
results for all those instruments for which tiial numbers below 25 were 
obtained, and the results are gmtifying both as to the number of new 
chronometers that passed and as to the good trial numbers obtained 
by the majority of old chronometers and watches. 

With your approval and that of the Bureau, all of the old naval 
chronometers and watches that passed through this trial were surveyed 
and appraised with the new trial numbers as a basis of value, thus 
insuring that when issued they shall be invoiced at prices consistent 
with their present value for use in navigation. It is pi'oposed to con- 
tinue this plan hereafter, and thus do away with the old svstem of 
maintaining inconsistent book prices irrespective of actual changes in 
value, 

Plate 1 shows graphically the rate curves of all the chronometers 
and watches that won a trial number below 25, and Plate II gives a 
graphic representation of the four quantities whose sum makes each 
trial number. These two plates are of especial interest in connection 
with similar plates published in my last two annual reports, and it is 
proposed to publish others in future reports, thus gradually complet- 
ing what it IS hoped will prove to be a useful graphic record of the 
trials, under the same conditions, of a large number of different makes 
and kinds of instruments. 

THE TIME SERVICE. 

The daily noon signals, now so useful and well known all over the 
country, have been continued regularly and with even greater accu- 
racy than usual, the average error for the year being only fourteen- 
hundredths of a second, for the last six months thirteen-bundredtha, 
and for the last three months nine-hundredths. This increased accu- 
racy of the time service, while not materially important so far as the 
general public is concerned, which does not bother about a few hun- 
dredths of a second, indicates an improvement of real importance in 
connection with very delicate and accurate horological work, such as 
rating chronometers, telegraphic longitude determinations, et<'., and it 
is of course the aim of tnis department to have the noon signals as 
nearly absolutely correct as possible. The least appreciable error of 
these signals, or of the fall of the time-balls dropped by them, enters 
directly into the latest determinations of the chronometer rates of ships 
on the eve of sailing, and such erroi* accumulates daily as long as the 
voyage continues. 
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NEW tear's eve telegraphic time signals. 

The plan commenced on New Year's eve, December 81, 1903, of 
sending out a series of telegraphic time signals at midnight, 1, 2, and S 
a. m., seventy-fifth meridian time, to announce the exact instant of the 
begmning of the new year to each of the great standard time belts of 
the United States, was repeated again this year, and with even greater 
success than before. The system of signals weis exactly the same as 
that used daily at noon, as explained by the text and diagram accom- 
mnying my annual report for the fiscal year ending June 30, 1902. 
The series of signals, it may be repeated, begins at five minutes before 
the hour, includes each second of the clock except the twenty-ninth, 
the last five of each of the first four minutes, and the last ten of the 
last minute, after which long break there is a single long contact, the 
beginning of which marks the exact hour. 

In order to secure as wide a distribution of the signals as possible, 
both as a matter of sentiment and in the interests of the universal 
adoption of accurate standard time, various telegraph and cable com- 
panies were notified of the plan, and most of them entered into it with 
great interest. Indeed, but for pressure of business on the part of the 
Eastern Extension and Australasia Telegraph Company, tlie signals 
might have been transmitted around the world. As it was, however, 
they reached as far as England, Australia, Alaska, and Argentina, thus 
covering nearly three quarters of the civilized world and traversing 
about 300,000 miles of wire. Widespread newspaper comment showed 
general public appreciation of the signals, as transmitted by the West- 
ern Union, Postal, and American Telephone and Telegraph companies, 
and the extent of their distribution is illustrated by the fact that the 
Western Union Telegraph Conipany alone sent them through 186,173 
miles of land lines within the United States, which probably leads the 
world in its appreciation of the value of accurate time- 

The many reports received serve to give a slight, although of course 
incomplete, idea of the success with which the plan was carried out, 
and it should be remembered that it was done entirely by voluutary 
cooperation on the part of all conceined, whose willing and effective 
assistance is very highly appreciated. The signals were accurately 
timed at several observatories. They reached tne Koyal Observatory 
at Greenwich, England, in 1'.33; Lick Observatory, California, in COS; 
the National Observatory of Mexico in 0M9; Sydnev Observatory, 
Austmlia, in 3'. 5; and Wellington Observatory, New Zealand, in i'.O. 
They where heard at Dawson, Skagway, Juneau, and Sitka, Alaska; 
■ at Panama, Valparaiso, and Buenos Ayres; at Honolulu, Guam, and 
Manila; and they traversed the cables beneath the Atlantic and Pacific 
oceans to announce to distant continents the exact instant of the begin- 
ning of the New Year in the United States. 

OTHER SPECIAL TIME SIGNALS. 

It seems manifest that it is for the best interests of this Observatory 
to encourage the sending out of such special time signals, especially 
whenever it can be done without expense or even any appreciable 
inconvenience. The standard clock and telegraphic connections being 
in daily use are always ready, and the sending of a special time signal 
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involves but little more trouble than the tuniing of an electric switch. 
At the same time, every such signal adds its share to the popular 
appreciation of the work of the Observatory and to the increased 
koowledge and interest in the subject, both within and without the 
limits of the Unit«d States. 

For this reason it is recommended that advantage be taken of impor- 
tant meetings in this city, such as that of the Eighth Jnternational 
Geographic Congress, to meet in September nezt, and the Interna- 
tionftl Railway Congress, in May, 1905, to offer to send out to the 
world, as far as the telegraphs and cables will carry them, a special 
series of time signals, in celeoration, as it were, of the meeting, and to 
invite to this Observatory such of the members as care to be present to 
see them go out. The two congresses referred to have, moreover, much 
more than a mere sentimental interest in the subject, as the universal 
adoption of standard time is a matter of great impoi-tance to geographers 
and railroad men, perhaps above all others. 

THE PKE8ENT STATUS OP THE USE OF STANDARD TIME, 

In view of the part that this Observatory has taken iii the adoption 
of standard time in the United States, fi-om which it has spread to 
many other countries, and of the numerous inquiries that are made to 
na on the subject, I recommend that an effort be made to collect and 
publish as complete data as possible regai-ding the kind of time in 
actual use in the various countries of the world. With your approval 
and that of the Bureau much information of this kind has already been 
collected. 

Very respectfully, 

Edward Everett Hayden, 
Lieutenant- Com.mander, U. S. Navy, in Charge. 
The Superintendent op the Naval Observatory. 
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REPORT 

THE SUPERINTENDENT OF THE 
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United States Naval OBaEBvATOBT, 

Washingtm, D. G., Jvhf 1, 1905. 
Sir: I have the honor to submit this my anDual report of th« oper- 
ations of the United States Naval Observatory for the fiscal year 
ending June 30, 1905: 

PERSONNEL. 

The following change;^ among the officers and employees have 
occurred since the last report: 

Commander J. M. Robinson, U. S. Navy, was detached June 20, 1905. 

Lieut. Commander T. D. Griffin, U. S. Navy, reported for duty June 
V, 1905. 

J. H. Root resigned as assistant April 21, 1905. 

G. B. Merriman was promoted from assistant at $1,200 per annum 
to assistant at $1,400 per annum April 24, 1905. 

Arthur Snow was promoted from assistant at $1,000 per anniim to 
assistant at $1,200 per annum April 24, 1905. 

H. B, Evans was transferred from assistant to piecework computer 
September 23, 1904. 

A. B. Turner was transfeired from computer to miscellaneous com- 
puter October 19, 1904. 

C. W. Frederick was transferred from assistant on equatorial to 
assistant astronomer, Tutuila Observatory, naval station, Tutuila, 
Samoa, August 15, 1904. 

E. D. TillyGr was promoted from assistant at $1,000 per annum to 
assistant at $1,200 per annum September 29, 1904. 

W. W. Dinwidi^e was promoted from assistant in spectroscopic 
work to computer October 19, 1904. 

Matt Frederickson was transferred from miscellaneous computer to 
assistiint on equatorial August 15, 1904, and was temporarily trans- 
ferred from assistant on equatorial to miscellaneous computer Junel3, 
1905. 

Arthur Newton was promoted f roiu piecework computer to as,sistant 
at $1,000 per annum September 29, 1904. 

Charles N. Moore was transferred from miscellaneous computer to 
assistant in spectroscopic work November 1, 1904. 

L. G. Hoxton ^as appointed assistant on equatorial June 13, 1905. 

Edwin C. Howell was appointed miscellaneous computer November 
14, 1904, transferred to piecework computer January 21, 1905, and 
promoted to assistant at $1,000 per annum April 24, 1905. 

Asaph Halt, jr., was appointed miseollaneous computer May 6, 1905. 



4 UNITED STATES NAVAL OBSERVATORY. 

Benjamin Boss was appointed miscellaneous computer June 12, 1905. 

J. L. Storia was appointed copviat August 3, 1904. 

James H. Nelson was appointed messenger boy January 19, 1905. 

trustave Harrison was transferred from laborer to special laborer, 
Tutuila Observatory, naval station, Tutuila, Samoa, August 15, 1904. 

John K. Throckmorton was appointed laborer July 1, 1904, 

John S. Cheek was appointed laborer October 19, 1904. 

V. Muehlhaus, jr., was transferred from laborer to watchman, 
Superintendent's office, State, War, and Navj" building, March 13, 
1905. 

T. G. Wrenn resigned as dreman June 15, 1905. 

G. S. Greenly was appointed fireman June 16, 1905. 

PLAN OF WORK. 

The general plan of the work has continued the same as noted in my 
laat annual report^ and is indicated in the following extract from an 
order issued at the beginning of the fiscal year, 

Egtiatorials. — To make olijservations of the satellites of Mars, Jupiter, Satom, 
UraauB, and Neptune when the planets are not more than three hours from the 
meridian; Batellit« work is to take the precedence of all other work; obeervatioDs of 
occultations oE stars by the Moon: observations of comets; phot<^raphic search for 
asteroids; and observations of double stare in intervals unoccnpied. 
. Meridian inelniments.— To make observations of the Sun, Mercury, and Venus at 
every culmination, except Sunday, whenever possible; of the Moon at every culmi- 
nation, except between 8 a. m. and 5 p. m. on Sunday, whenever possible; of Mare, 
Jupiter, Saturn, Uranus, and Neptune, when in the vicinity of the Moon, to the 
extent of obtaining 30 observations of Mars and 15 each of Jupiter, Saturn, Uranus, 
and Neptune; of miscellaneous stars when requested; of a catalogue of 3,000 zodi- 
acal stars; and when not interfering with the work above outlined, of stars from New- 
comb's Suggested List of Fundamental Stare. 

Prime vertical. — To make observations of four groups of atars, four star§ in each 
gronp, a Lyne and 6 Aurigse to be included by the polygon method. 

AU-aziia'Ulh.—To make observations of the stars ot Newcomb's Suggested List ol 
Fundamental Stars culminating here at zenith distances less than 75°. 

PhoMtelioaraph.—Daiiy photographs of the Sun, when possible, with temperature 
readings ana scale settings, and preparation for future eclipse work. 

ORGANIZATION. 

The organization of the Observatory during the past year has been 
as follows: 

OFFTCE OF THE SUPERINTENDENT. 

Clerk, Thomas Harrison; stenographer, Mrs, A, P. R. Auhagen. 

ASTRONOMICAL BRANCH. 

A, Department of astronomical observations. — Division of equatorial 
instruments (26-inch and 12-inch equatorials) : Professor of Mathe- 
matics A. N. Skinner, in charge; Assistant Astronomer H. L. Rice, 
from July 15, 1904; Assistant Astronomer J. C. Hammond, Computer 
W. W. Dinwiddle, Assistant on Equatorial C. V^. Frederick, to August 
15, 1904; Assistant on Equatorial Matt Frederickson, from August 16, 
1904. 

Division of meridian instruments (9-inch and 6-inch transit circlea)r 
Professor of Mathematics W". S. Eichelberger, in charge; Assistant 
Astronomer H. L. Rice, to July 15,1904; Gamputera W. M. Brown 
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E. I. Yowell, H. R. Morgan, and A. B. Turner, to October 19, 190-t; 
Miscellaneous Computer Asaph Hall, jr., from May 6, 1905. 

Division of the alt-azimuth instrument: Professor of Mathematics 

F. B. Littell, in charge. 

Division of the prime vertical transit instrument: Assistant Astron- 
omer G. A. Hill, in charee. 

The photohelio^raph: Photographer G. H. Peters, in charge. 

Librarian W. D. Horigan. 

Computers for the department: Computer Eleanor A. Lamson and 
Miscellaneous Computers Etta M. Eaton, Alice M. Gray ,■ Perez Fisch, 
Ella A. Merritt, from June 6, 1905, and Benjamin Boss, from June 12, 
1905. 

B. Department of the Nautical Almanac. — Professor of Mathematics 
Walter S. Harshman, director; Assistants H. B. Hedrick, W. Auhagen, 
J. Robertson, H. G. Hodgkins, J. H. Root, to April 21, 1905, G. B. 
Merriman, W. T. Carrigan, H. B. Evans, to September 23, 1904, E. D. 
Tillyer, A. Snow, A. Newton, from September 29, 1904, and E. C. 
Howell, from April 24, 1905, and Piecework Computers R. Buchanan, 
Mrs. E. B. Davis, A. Doolittle. Mrs. H. F. M. Hedrick, R. Keith, Janet 
McWilliam, T. I. King, A. Newton, to September 29, 1904, and E. C. 
Howell, from January 21, 1905, to April 24, 1905: Copyist J. L. Storia, 
from August 3, 1904. 

NAUTICAL BRANCH. 

A. Department of nautical inxtruments. — Commander J. M. Rob- 
iDson, in charge to June 20, 1905, Lieut. Commander T. D. Griffin 
in charge from June 20, 1905; Clerk E. A. Boeger, acting assistant. 

B. Department of cnronometers anA time service. — Lieut. Com- 
mander E. E. Hayden, in charge; Assistant in Spectroscopic Work 
0. N. Moore, acting assistant. 

C. Department of magnctimn. — Photogtupher G. H. Peters, tem- 
porarily in charge. 

PUBLICATIONS. 

During the tiscal year ending June 30, 1905, Volume IV, Appen- 
dixes II, III, and IV have been issued. 

As showing the contributions to astronomy in general other than 
that shown in governmental publications, the following list of articles 
made public is submitted: 

In the Proceedings of the United States Naval Institute, Vol. XXX, 
No. 2, "Work of the Naval Observatory," by Rear- Admiral C. M. 
tester, U. S. Navy, Superintendent. 

In the Astronomical Journal, No. 567; "Occultationsof stars by the 
moon," by T. I. King and J. C. Hammond. 

In the Astronomical Journal, No. 568: "Observations of minor 
planets and comet a 1904 (Brooks)," by J. ('. Hammond. 

In the Astronomical Journal, No. 569: "Ephemeris of comet a 
1904 (Brooks)," by Herbert L. Rice. 

In the Astronomical Journal, No. 571: "Elements and ephemeris of 
comete 1904 (Borrelly)," and " Elements and ephemeris of comet d 1904 
(Giacobini)," by H. R. Mo^anand Eleanor A. Lamson: Observations 
of minor planets," by W. W . Dinwiddle. 

In the Astronomical Journal, No. 572: " Elements and .ephemeris of 
<*inet a 1905 (Giacobini)," by H. R. Morgan and Eleanor A. Lamson. 
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Iq the Asti'onomicaJ Journal, No. 574: " Observations of the satellite 
of Neptune at the opposition of 1904-5," by H. L, Rice and J. C. 
Hammood. 

In the Astronomische Nachrichten, Nr. 3960: "Observationa of a 
new asteroid, 1904 O F," by W. W. Dinwiddie; "Elements and 
ephemeria of a new asteroid, 1904 O F," by Eleanor A. Lamson. 

In the Astronomiache Nachrichten, Nr. 3989: "A photographic 
observation of a minor planet," by G. H. Peters. 

In the Astronoraische Nachrichten, Nr. 4026: "Observations of the 
satellites of Saturn and Uranus in 1904," by C. W. Frederick and J. C, 
Hammond. 

In Popular Astronomy, March, 1905: " Elements and ephemeris of 
comet tri904 (Giacobini)," by H. R, Mor^n and Eleanor A. Lamson. 

In Popular Astronomy, May, 1905: "Elements and ephemeris of 
comet a 1905 (Giacobini)," by Eleanor A. Lamson. 

" DEPARTMENT OF ASTRONOMICAL OBSERVATIONS. 

IHVISION OF EQUATORIAL INSTRUMENTS. 

This division has continued under the successful management of Pro- 
fessor of Mathematics A. N. Skinner, U. S. Navy. 

The distribution of the work of this division has been as follows: 
Professor Skinner, double stars; Mr. Rice, comets, asteroids, the satel- 
lites of Jupiter, Mars, and Neptune; Mr. Hammond, comets, asteroids, 
the satellites of Saturn and Neptune; Mr. Dinwiddie, asteroids; Mr. 
Frederickson, comets, occultations, the phenomena of Jupiter's satel- 
lites and asteroids. 

During the latter part of the year Mr. Dinwiddie has been relieved 
of observing in order that he might devote his entire time to the 
eclipse preparations. 

As heretofore, Mr. Peters has twken photographs with the 6-inoh 
Dallmeyer camera for assisting in the identification of the fainter 
asteroids. 

Professor Skinner continues to devote the most of his time to work 
in connection with the preparation of the catalogue of the Astronom- 
ische Gesellschaft Zone -13=" 50' to -18° 10'. 

Observations have be.en made in this division during the year as 
follows: 

38 asteroids 204 

5 cometa 100 

Satellites of Mars 2 

Sftteliitee of Saturn 218 

Ratellitee of Jupif«r l.W 

Satellites of Uranus 27 

Satellite of Neptune 17 

Phenomena of Jupiter's aatelHtes 53 

Occultations 36 

Double stars 67 

rhotocraphs tor asteroids 49 

Miscellaneous stars 13 

Total 936 

The tables of differential refraction for the latitude of the Naval 
Observatory, prepared by Mr. Frederick, have been published a» 
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Appendix III, Volume IV, Publications of the United States Naval 
Observatory, Second Series. 

As in former years, the 12-inch equatorial "has been devoted one 
evening a week and occasionally on other special evenings to afford a 
view or telescopic objects to persons admitted by pei-mit to the Observ- 
atory. Mr. Peters was assigned to this duty, which he has performed 
most ably and acceptably until relieved on May 1 on account of press- 
ing duties in connection with the eclipse expedition. The number of 
visitors received during the year has been 1,384 on 46 nights. 

DIVISION OF MERIDIAN INSTRUMENTS. 

This division has remained in charge of Professor of Mathematics 
W. S. Eichelberger, U. S. Navy, who, as secretary of the committee 
on editing and printing, also has had charee of the proof reading and 
the preparation of printer's copy of the department of astronomical 
observations and such reductions of observations and checking as can 
not be done in the division in which the observations are made. 

As custodian of so much of the Observatory's records and as super- 
visor of their preparation his duties are most exacting. His adminis- 
tration of the division is highly commended. 

The 9-inch transit circle. — This instrument has been devoted to the 
determination of the right ascensions and declinations of the sun, moon, 
planets, the stars of Newcomb's Suggested List of Fundamental Stars, 
and the stars of Gill's Catalogue of 2,798 Zodiacal Stars, with the addi- 
tion of about 350 stars not in Gill's list in continuance of the plan 
outlined in the last annual report, which was put into operation on 
September 3, 1903. 

The number of observations from July 1, 1904, to June 30, 1905, is 
as follows: 

Zodiacal stare 3, 917 

Standard stars 3, 919 

Screen stars for personal equation 462 

Zenith stars for personal equation 293 

Astronomieche Gesellscliaft Zone zero stars - . 22 

Astronomiscfae Gesellschait Zone zone stars 6 

Sun 174 

Moon 125 

Mercury 57 

Venus 114 

Mars 30 

Jupiter 17 

Saturn 16 

Uranus 13 

Neptune 15 

Total 9,179 

The number of observers regularly employed during more than half 
of the year under consideration has been one less than during the pre- 
ceding year. 

Five of the circle microscopes were provided with new objectives by 
the J. A. Brashear Company (Limited) in May, 1905, as the definition 
of the old objectives was not good. 

Several series of observations by the different obseiTers to determine 
their personal equations depending on the magnitude of a star by the 
use of wire-gauze screens were vasAe in April and May, 1905. 

13737—05 2 - X^.OOOIc 
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A comparison of these results with similar ones determined a year 
previous indicates that the personal equation due to a change of 2i 
magnitudes in the brightness of a star has increased about 0°.01 in two 
castas and decreased about 0^01 in onts case. 

Since September, 1903, nine determinations by the use of horizontal 
collimators of the correction to be applied to observed zenith distances 
have been made, and the results arranged chronologically are — 1",09, 
-1".13, -1".20, -1".30, -1".20, -1".35, -1".43, -0".85, and 
-I'M 3. 

The reductions of the observations made with this instrument are 
getting more and more in arrears for lack of sufficient computing 
force. 

T/it^ 6-inch transit circh. — No determinations of position have been 
made with this instrument during the year. 

A discussion of Assistant Astronomer Hammond of about 1,500 
observations made by Pi-ofessor Updegi"aff and himself in 1901-2 gives 
the probable error of the mean of four microscopes due to division 
error 0".36 for Circle A and 0".29 for Circle B. A discussion by Pro- 
fessor Littell of the obsei-vations made in connection with the sun, 
moon, and planet work gives probable errors of about the same size. 
These results were obtained with the circles regraduated by The Warner 
& Swasey Company in 1901, and are somewhat larger than those 
obtained by Professor VJpdegraff from the original grauuations. 

An order has been given to The Warner & Swasey Company, of 
Cleveland, Ohio, for the construction of a self-registering micrometer 
of the Repsold type for use with this instrument. 

All the observations made with this instrument have been reduced 
and will appear in the next volume of the Observatory's publications 
issued from the press. 

The standard sidereal clock. — The new sidereal clock, Riefler No. 70, 
which was sent back to the maker in June, 190J:, that the difficulties 
spoken of in the last report might be corrected, was returned in Sep- 
tember, 1904. It has been constantly in use since October 11, and has 
given perfect satisfaction. From November 20, 1904, to February 2, 
1905, assmning the daily clock rate to be ■-0M«48-O'.O0O64 (t-Dec. 
27.0) the mean residual from a comparison of the observed and the com- 
puted clock corrections is 0'.04. From Febmary 7 to April 16, assum- 
mg the daily clock rate to be-0".0062 + 0'.000t!3 {t-M&r. 13.0), the 
mean residual is also 0'.04. 

During the first period the temperature in the clock vault increased 

Gradually about 1° C, while in the second period the temperature 
ecreased gradually about 2° C. 

The rates given wore obtained by a least square solution of about 
twenty clock corrections in each group. The barometric pressure in 
the clock case was changed between the two periods. 

General reductions,— ^h.^ stars, which were omitted from the orig- 
inal observing list of the Astronomische Gtesellschaft Zone Catalogue 
—13° 50' to —18° 10' by mistake, have been observed during the 
present year. Otherwise all the observations of this zone are reduced 
to 1900.0, and the precessions and secular variations have been com- 

Suted for the same epoch. All the stars in Bessel's Zones, in Lalande's 
[istoire Celeste, in Argelander's Southern Zones, and in the Munchener 
Stern verzeichniss I and II, and also in the Astronomische Oesellschaft 
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Zone have been reduced to 1900,0 for purposes of comparison. This 
work ia being carried on under the Erection of ProfesBor Skinner, 
and most of it is being done by him personally. 

Since the last report the preliminary revision of the transit instru- 
ment zones of the Washington Zone Catalogue has been completed, 
and the comparison of the zones with the Cordoba General Catalogue 
has been tinished. The same work has been done also for the first 
year of the meridian circle zones. The zone corrections have been 
computed for and applied to about nine-tenths of the mural zones. 
The reduction of the 3,500 unpublished zone observations made with 
the meridian circle in 1847-48 is about finished. This work is being 
carried on under the direction of Professor Littell. 

Since the last report three appendixes of Volume IV, Publications 
of the United States Naval Ubaervatory, Second Series, have been 
published. Appendix II, Reduction Tables for Transit Cii'cle Obser- 
vations, pages 54; Appendix III, Reduction Tables for Equatorial 
Observations, pages 101; and Appendix IV. The Present Status of 
the Use of Standard Time, pages iS. Appendix I, Total Solar Eclipses 
of May 28, 1900, and May 17, IStOl, is at the Printing Office. 

DIVISION OP THE ALT-AZIMUTH INSTRUMENT. 

This division has been under the charge of Professor of Mathematics 
F. B, Littell, U. S. Navy, whose official management of it is com- 
mended. The determination of the declinations of the stars of New- 
comb's Suggested List of Fundamental Stars which culminate here at 
zenith distances less than 75° has continued as before. The observing 
list comprises 1,186 stars at the upper and 136 stars at the lower cul- 
mination. A few other stars culm mating very near the zenith have 
also bpen added to the observing list. The number of observations 
secured during the year is 1,896. Each complete observation furnishes 
a double zenith distance of the star observed. Readings are made on 
two circle divisions under each of the microscopes and two alidade 
levels are used. The observations and their reductions are progress- 
ing satisfacto ri ly . 

The system of illumination of the microscopes has been changed and 
made similar to that in use for sevei-al year's on the 9-incb transit circle. 
The original sj'stem was by central lamp illumination, the light being 
conducted to each of the four microscopes by a train of mirrors. For 
this has been substituted a small S^-voIt electric lamp for each micro- 
scope operated by battery current. Each lamp is m use only while 
the microscope is being set, the circuit being closed by a push button 
pressed by the foot of the observer. The tube which holds the lamp 
at one end is arranged at the other end to protect the portion of the 
circle under the microscope from extraneous light, so that in daylight 
the same illumination is obtained as at night. 

DIVISION OF THE PRIME VERTICAL INSTRUMENT. 

With the prime vertical instrument Assistant Astronomer G. A. Hill 
has continued the polygon method of observing. Two changes in the 
observation of oc Lyrse as now used are believed to be advantageous 
to the work. The first of these is to secure at ea«h culmination of the 
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star transits by direct pointiDg at the heavens, and also by reflection 
from a basin or mercury placed upon the floor. The other ia to reduce, 
in the night-time, the brightness of the star's image by means of a wire- 
gauze screen placed in front of the object glass, giving it the appear- 
ance of a sixth magnitude star instead of one of the first magnitude. 

Mr. Hill's long and efficient management of this instrument and the 
large number of observations made by him give him a marked leader- 
ship in the use of a prime vertical transit instrument, and astronomers 
may well expect a most useful addition to astronomical records when 
the series of observations, which it is hoped will extend through at 
least one revolution of the moon's node, is published. 

The number of observations made during the year is 626. 

THE PHOTOHELIOGRAPH. 

During the year the sun has been photographed with this instrument 
on one hundred and sixty-six daj s and solar spots and f aculss were 
found on the plates on one hundred and sixty-two days. 

VVliile there has been a decrease in the number of photographs 
secured during this 3'ear as compared with the previous one, owing to 
the unusual amount of cloudiness which has prevailed, Photograpner 
George H, Peters, who has had charge of the instrument, has added a 
valuable number of observations to the record. The series of photo- 
graphs secured during several years past gives, with a constantly 
increasing accuracy, the value of the focal variation due to temperature. 
The perfection of the solar image upon the photographic plate depends 
largely upon the atmospheric conditions. 

Two enormous groups of solar spots have appeared during the year, 
and many other large and important groups have been observed in the 
same period. 

The new triple lens of 7i inches aperture and 65 feet focal length, 
mentioned in tne last report, was received from its makers, the John A. 
Brashear Company (Limited) of Allegheny, Pa., in April. It waa 
mounted for testing with a view to its use in Spain during the appi'oacb- 
ing total solar eclipse. Upon the return of the expedition it is mtended 
to mount it to be employed in the daily photographic work on the sun. 

The new lens gives an image of the sun's disk about 7 inches in 
diameter instead of 4i inches, as in the photoheliograph at present 
in use. 

Mr. G. F. Coulon has ably assisted Mr. Peters during the past year, 
and is highly commended by him. During the absence of Mr. Peters 
from the Observatory on tne coming eclipse expedition Mr. Coulon 
will have temporary chaige of the instrument, and thus a complete 
series of solar photographs will be obtained to be used in connection 
with the eclipse observations. This is a very important factor, as 
many coronal features observed at total solar eclipses have an intimate 
relation with sun spots and faculse. 



The library has continued under the successful administration of 
Librarian W. D. Horigan. 
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The catal<:^iug of the library is progressing and with the excep- 
tion of the serials devoted exclusively to meteorological and magnetic 
observations the author catalogue is now completeoT 



CoDteDtsof the Ubrai? July 1.1904 .. 
Accessions 

ContenWJulyl, IMS 



Of the accessions, 257 were received as exchanges and 233 were 
purchased. 

DEPARTMENT OF THE NAUTICAL ALMANAC. 

This department has continued under the direction of Professor of 
Mathematics W. S. Harshman, IT. S. Navy. 

There have been received during the year from the Government 
Printing Oflnce 1,000 copies of the first edition of the American 
Ephemeris and Nautical Almanac for 1908, 2,300 copies of the second 
editioB of the American Nautical Almanac for lEtOS, 1,731 copies of 
the Pacific Coaster's Nautical Almanac for 1905, 702 copies of tne sec- 
ond edition of the American Ephemeris and Nautical Almanac for 
1906, and 153 copies of the American Ephemeris and Nautical Alma- 
nac for 1904. 

During the present fiscal year the t^ale and distribution of publica- 
tions were as follows: 



Americ&n Ephemeris..--^-..-,-,..., ---,..--.- 

American Naullcal Almanac 

Atlantic and Pacifle CoasCei's Nautical Almauai' . 
AHtronomical Papers 



The proceeds of the sales, amounting to $1,778.90, have been 
.deposited with the Treasurer of the United Staties to the credit of 
public printing. 

The current work of this department is up to date. 

As a result of the recent legislation of Congress, the number of 
copies of the American Ephemeris provided by law to be supplied to 
the Navj' Department for sale and distribution is inadequate to meet 
the demands. It has therefore been necessary to supply this deficiency 
by a requisition upon funds of the Navy Department, although It is 
specifically provided by law that the proceeds of the sales of these 
copies shall oe deposited to the credit of the general printing fund. 
It is recommended that legislation be secured for the printing of the 
full number of copies needed for sale and distribution. 

All copy for the Zodiacal Catalogue is In plate, and the volume will 
he issued as soon as received from the Government Printing Office. 

Attention is invited to the fact that, on account of the hign scientific 
attainments required of the assistants in tliis department, appropriate 
legislation should be recommended making suitable increase in salaries. 
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DEPARTMEST OF NAUTICAL INSTRUMENTfJ. 

This depai'tment has remained under the efficient charge of Com- 
mander J. M. Robinson, U. S. Navy, until June 20, 1905, when his 
services were requii'ed for other duty, much to my regret. 

The supply of nautical inatruments to ships in commission, or about 
to be commissioned, to navy-yards and shore stations, wireless tele- 
graph stations, and toe naval militia of the various States has proceeded 
regularly and promptly in accordance with shipment orders received. 
In addition two complete surveying outfits have been issued, and this 
department is now engaged in assembling two new surveying outfits to 
replace the two issued. Owing to the great pressure of routine work, 
this undertaking is proceeding very slowly. 

The stock of nautical instruments has been kept up to the authorized 
amount by the acquisition of additional instruments on requisitions, 
which instruments have been inspected, tested, and stored as received. 

The clerical work involved in keeping the fleet supplied with nauti- 
cal instruments is very heavy, is increasing rapidly, and is already more 
than one man can accomplish alone. In consequence the officer in 
charge has constantly to devote the major part of nis time to the prep- 
aration of routine papers to the exclusion of work of a more import- 
ant character, such as the study of nautical and surveying inatruments 
and their suggested improvements. I beg to invite your attention 
again to the urgent neecf of increased expert and clerical assistance in 
this department of the Observatory, the work of which is increasing 
with the growth of the fleet to such an extent that it is impossible with 
the present force to devote that time and attention to the inspection of 
nautical and surveying instruments which instruments of such a char- 
acter demand. 

There is constantly in stock at the Observatory in the instrument 
room, in the chronometer room, and in the storeroom approximately 
$100,000 worth of instruments. The officer in charge of this depart- 
ment is responsible for these instruments and has as a care taker or 
storekeeper only a laborer detailed for that purpose who is also charged 
with the work of packing and shipping all instruments issued and 
unpacking and storing those received. The laborer detailed for this 
work, Mr. John Brockman, is eminentlv qualified therefor. He is 
careful, thorough, methodical, and relialsle, and his services are of ■ 
great value in this department. 

During the year considerable correspondence has been carried on 
with several of the American makers of optical instruments in an 
effort to induce them to take up the manufacture of binoculars and 
spyglasses for marine use in the hope of securing a better class of these 
instruments than is at present supplied by the importers. The great- 
est difficulty with which the American manufacturers of optical instru- 
ments have to contend is the coat of production, due to the high price 
of labor. The difference in cost, however, in favor of the foreign 
maker becomes less as the character of the work improves, and it ia 
believed that by demanding optical instruments of the highest class 
and finest finish the American manufacturers will be encouraged to 
compete with the foreign maker. In the manufacture of prismatic 
binoculars two American firms are already competing successfully with 
the foreign makers. 
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The number of sfaipineiite made during the year was 395, amounting 
in value to $99,1^.80. 

The value of instruments received during the year was, by purchase, 
$33,675.09, and by return from navy-yards, etc', $44,688.76. 

DEPARTMENT OF CHRONOMETERS AND TIME SERVICE. 

This department has i-emained in charge of Lieut. Commander E. E. 
Hayden, U. S. Navy, assisted by Mr. C N. Moore. 

The routine work, consisting of the trial, care, and rating of naval 
chronometers, watches, and clocks, their issue, with the necessary data 
and forms, to naval vessels, the supervision of their repairs, and the 
sending out of the daily telegraphic noon signals, has been carried on 
very successfully in spite of the small available office force and the 
increasing demands of the Navy. 

The regular annual chronometer trial began in January with 40 new 
chronometers, 31 new torpedo-boat watches, 84 old chronometers, 5 
old torpedo-boat watches, and 1 old chronometer watch. This trial 
consisted of three separate trials, but all went on together for six 
months — ^three montlis in the temperature room and three months in 
the chronometer room— in accordance with the terms of the Bureau's 
specifications No. 25 of May 15, 1903, and No. 269 of February 26, 
1904. There were also on hand at the beginning of the trial 28 other 
chronometers and watches, making in all 189chronometers and watches 
that were wound and compared daily, their rates being computed, 
recorded, and plotted weeklj'. 

The results of the three trials are given in the appended tables, trial 
numbers above 25 being omitted: 

Table I. — Trial of new American chronometers with steel hair 
springs and ordinary balances. 

Table II, — Trial of new torpedo-boat watches. 

Table III. — Trial of old naval chronometers. 

The amount of careful expert work involved in connection with this 
trial will be better appreciated when it is remembered that the Super- 
intendent of this Observatory in 1886 stated in an official report (Appen- 
dix 111 to Washington Observations for 1883) that "the example of 
the computation of a trial number given will serve to give some idea 
of the amount of labor involved in this test of more than 50 chronome- 
ters; when to this are added the voluminous records necessarily kept 
it will be seen that this duty involves no light work." It need only be 
added that there are at present three times the number of chronome- 
ters and only two-tiiirds as large an office force in this department of 
the Observatory, Its increased efficiency has resulted largely from 
improved methods devised by the officer now in charge. 

The accuracy of the time service has now become almost perfect, the 
maximum error of the daily noon signals for the month or April, for 
instance, having been only 0'.06 and the mean daily error for that 
month only 0^017, the best monthly record ever made at this Observ- 
atory. 

The usual special series of midnight New Year's eve telegraphic time 
signals were sent out, and two other special series of midnight signals, 
the first on September 8 in honor of the International Geographic Con- 
gress, and the second on May 3 in honor of the Inteniational Railway 
Congress. AH of these special series of time signals were transmitted 
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. far and wide through the voluntary cooperation of various telegraph, 
table, and telephone companies, and excited international interest and 
attention. Their effect, based as they are upon Greenwich standard 
time and enlisting, as they do, the assistance of governments, compa- 
nies, and observatories all over the woild, is thought to add a powerful 
influence toward the universal adoption of Gi-eenwich standard time 
and longitude. 

The following repoi'ts of the time of transmission of these special 
time signals, selected from among the many received, will serve to 
illustrate their accuracy and i-apidity in spite of the relays and manual 
repetitions that are ne^^essary on very long lines. 



(^icketi reported timet of ir 



nose. 



t nignahfTom the Notal (Jbiervalorij. 



MEGillOollegeObiiervatory Canada..., 

Toronto Obseivalory, Canaan 

tjADta Clara College Observatory, (^lifomfa... 

Uck ObiiervAtory. California 

nbamberlin Observalory, Colorado 

laaA Obsfrvatory. Rhode Island 

Washburn Obaervatory, Wieconsln 

AmhetBt College Observatory. MansachnBeltK . . 

Chabot Observatory, Calllomin 

(ioodnll Obmrvalory, Uinueiola 

Harvard College Observatory, Uosaachusetts . . 
St. John Otearvatorf .'New Brunswick 



Coast and deodeUe gnrvey slatioii. BeatUe, Wasii . ■ 

■ ry.fcai 
aiory, Italy.. 

eenwich^Observatory, England ... 



Uanlla Observatory, Philippine 

Mare Island ObKrvatory. Calltomia... 
Roman College Oteervaiory. II ~ 



Hamburg Observatory. Germany .. 
Coflstand GeodeHe Survey alatl — 
Sydney Observatory, Australia. 



[ngtoii Observatory, Kew Zealand 



iry, Kew Zct 



The special midnight time .signals sent out on May 3 were displayed 
very effectively by means of a very large uiap of the world, 21 by 42 
feet, erected on the grounds of the Railway Appliance Exhibit, near 
the Washington Monument, with small electric lights arranged to 
mark the exact positions of more than 200 of the principal cities of 
the world. The lights in the United States were illuminated each 
second by our standai-d clock and the final midnieht signal was made 
to spread rapidly over the world, e.\'actly as actual reports have indi- 
cated. Tlie Seeretarj' of the Navy turned on the current at five 
minutes of 12, and the large audience that was present watched the 
demonstration with the greatest interest. The same map was used iu 
a similar way at 8, 9, and 10 p. m. on several subseqnent evenings, 
and proved to bo one of the most attractive features of the exhibit. 

On March II, a new titne-lKiU went into operation at Pittsburg, Pa., 
making 19 in ail in the United States. This new time-ball was 
installed by the Farmers' Deposit National l^nk on the roof of their 
24-story building, and is operated with the cooperation of this 
Observatory, the \Ve.stern Union Telegraph Company, and the United 
States Weather Bureau. Its elevated location, Hh) feet above the 
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ground, wbich enables it to be seen from all parts of the City and from 
the adjacent rivers and surrounding eountry, will undoubtedly serve 
to make itvery useful to business men and inland commerce generally. 

Three copper-covered, asbestos-lined chests, each fitted to take three 
chronometers in^their boxes and transporting cases, have been made 
for trial during the eclipse expedition and, if approved, for subsequent 
use at sea. The advantage of such chests over the chests now in use 
is that, while no larger than the latter, they allow of the constant use 
of the ordinary chronometer-transporting cases for the increased pro- 
tection of the chronometers, and are of practically fireproof construc- 
tion. For convenience and safety in carrying chronometers to and 
from the Observatory, a special padded leather carrying case or valise 
has been added to the equipment of this department, in which nine 
chronometers, each in a corrugated paper box, can be carried with very 
little liability to injury ov of disturbance of their rates. 

A monograph on the "Present Status of the Use of Standai-d Time" 
was prepared bv Lieutenant Commander Hayden and published as 
Appendix IV, Volume IV, of the Publications of the Observatory. 
This pablication contains official data regaiding the kinds of time in 
actual use by all of the principal nations of the world, collected for 
this Obsei-^'atory by the Department of State through the diplomatic 
and con'sular service and trie OiBce of Naval Intelligence, Bureau of 
Navigation, through the naval attaches, together with tables for the 
ready con^'ersion of the time of one oountr)' into that of another. 

BRANCH OBSERVATORY AT TUTUILA, SAMOA. 

Mr. C W. Frederick, assistant on equatorial at the Observatory, 
was appointed an assistant astronomer, naval station, Tutuila, Samoa, 
on July 18, 1904, and Mr. (Justave Harrison, laborer, was at the same 
time appointed care taker. They were ordered W the Department 
to proceed from San Francisco on September 8, to Tutuita, and report 
to the commandant at that station for the purpose of erecting an 
astronomical observatory. They arrived at TutuUa on September 21. 

Upon recommendation from the Superintendent the Department 
authorized the purchase of the neccssaiy material for the construction 
of the transit circle house, the clock house and observer's office, and 
dwellings for the observer and bis assistant. 

Mr. Frederick has submitted reports to the commandant, naval 
station, Tutuila, which have been referred to the Superintendent of 
the Naval Observatory, giving the course of construction. In a report 
recently submitted he states Uiat the transit circle house and the clock 
house, which is to be one in which a constant temperature can be 
obtained, are practicailly completed together with the necessary piers, 
and that he was ready to mount the instruments. It is thought that 
astronomical observations will soon be begun, furnishing data which 
is much needed covering a zone from the south pole to beyond the 
zenith of Washington. 

BUILDINGS. 

The buildings belonging to the Government within the Naval Observ- 
atory Reservation are in generally good condition, but owing to the 
fact that the transit houses are of iron construction, from which paint 
peels off in waim weather, it will soon be necessary to give them another 
coating of that material to keep them from serious deterioration. 
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MACHINE SHOP. 

Lfast year there was iniitalled a snuall machine shop at pmctically no 
expense, as for its equipment there was used condemned material col- 
lected flora various navy-yards. During the present year the great 
usefulness of this shop has been shown and the desirability of its fur- 
ther development has become apparent, Mr, W. W. Dinwiddie, com- 
Kuter, was placed in charge of the shop, and with the assistance of 
[r. H. C Cleve, instrument maker, has eonstnicted there many of the 
instruments for observing the solar eclipse of August next. Had it 
not been possible to do this work in the shop it would have taken nearly 
the whole eclipse appropriation to have secured the instrumental equip- 
ment necessary. 

I hope in the future to be able to take up the question of enlarging 
the shop, asexperience has demonstrated that it will lessen the expenses 
for repairs and construction of instruments, as well as permit more 
prompt attention to such work than can be had when dependence is 
placed upon instrument makers in other cities. 

1 wish to record here my appreciation of the services of Mr. Din- 
widdie, who has been chiefly concerned with the development of this 
work, and to whose industry and skill in construction the complete- 
ness of the eclipse instrumental equipment is due. As sho\rtng what 
has been done in this respect I feel warranted in quoting from a letter 
recently received by the Superintendent from the manager of one of 
the largest instrument works of the country, whose reputation is 
world-wide, as follows: 

I had the p)ea«ireof looking over your apparatus (preparing forobeerving the 
eclipse of tlie sun on August 30, 1905), witli which 1 was much impreeeed, as it 
seemed to me particularly well designed and very efficient. 

PHOTOtiEAPHIC EQUATORIAU 

During the year Mr, Dinwiddie has taken from the scrap heap of old 
iron the mounting formerly used for the 26-inch equatorial at the old 
Observatory and fitted it up with the framework oi an obsolete 9-inch 
telescope, which ^is to carry two Dallmeyer lenses for photographing 
asteroids. Over* this there has been constructed a house designed ai^ 
largely built by bira which will answer all puiposes for carrying on 
this important branch of astronomical work. It is thought this 
plant will compare favorably with any other that could be duplicated 
for $10,000 or 515,000. As soon as the Observatory force is relieved 
from the duty of making preparations for and of observing the next 
solar eclipse, it is expected that good results will accrue from this plant. 

GROUNDS AND ROADS. 

I have to renew the recommendation contained in my last annual 
report that early steps be taken to acquire the property lying within 
the Observatory Circle, as contemplated by the joint resolution of 
.Congress approved August 1, 1894. The question of the transfer of 
the tract of land belonging to Mr. Philip Young and of that belonging 
to the Normanstone estate still remains in the District courts, and wiD 
probably be settled by the time it is necessary to get the ground in 
shape to harmonize with the other public property. The property 
belonging to the District of Columbia, known as the Industrial Home 
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School, howevei", should receive early attention. The Navy Depart- 
ment and the District Commissioners have practically come to an 
^eement as to the price to be paid for this property, as shown in 
the report to which reference was made a year ago, but as two or 
three years will be required for the school to be established elsewhere 
it will be necessary, in order to carry out the will of Congress in the 
near future, to submit to that body an estimate for the purchase of 
the property at an early dat«. 

As Congress has, in the appropriation bill providing for the expenses 
of the Naval Observatorj' for the fiscal year 1905-6, restored the item 
of $10,000 for the care and gradingof the grounds, which accoi-ds with 
the appropriation which existed up to July 1, 1902, it is expected that 
hereafter the gradingof the ground within the Observatory limits can 
be carried on coincioently with that of the adjoining thoroughfares by 
the District government. 

APPROPRIATIONS. 

I feel it my duty again to call the attention of the Department to 
the totally inadequate force which is allowed by Congress to carry on 
the work of the Observatory. My last annual report treats this sub- 
ject in extenso, and I urgently appeal for at least a gradual increase in 
the personnel which will permit tne proper execution of the important 
duties devolving upon tne stafE and prevent the oft-repeated but 
ill-founded charge of inadequate amount of work for so large an 
institution. 

Very respectfully, your obedient servant, 

C. M. Cmestbb, 
Bear-Admiral, V. S. Navy, 
Superintendent of the Naval Ohgervatory. 
The Chjef of the Bueeau op Equipment, 

Navy Depofrtment. 
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Rear-Admiral Colby M. Chester, U. S. Navy, was Superintendent 
of the Naval Observatory until his retirement on February 28, 1906. 
Rear-Admiral Asa Walker, U, S. Navy, Eissumed the duties of Super- 
intendent on March 1, 1906. 

DEPARTMENT OF NAUTICAL INSTRUMENTS AND GENERAL STOREKEEPER. 

This department was in charge of Commander T. D. Griffin, U. S. 
Navy, until the end of Ma,^. During June Lieut. Commander E. E. 
Hs^den, U. S. Navy, was m charge. 

The number of shipments made during the year was 400, amounting 
in value to $96,713. liJ. The value of the instruments received was, by 
purchase, ^34,758.01, and by return from navy-yards, |84,383.66. 
The value of the stock on hand is 197,129.32. 

DEPARTMENT OF CHRONOMETERS AND TIME SERVICE. 

This department was temporarily in charge of Mr. E. A. Boeger, 
assistant in department of nautical instruments, until December 26, 
1905, when Lieut. Commander E, E. Hayden, U. S. Navy, returning 
from the eclipse expedition, resumed charge. 

The regular annual chronometer trial began on January 10, with 
the largest number of chronometers and torpedo-boat watches ever 
entered in such trial at this Observatory, namely, 42 new marine 
chronometers, 57 new torpedo-boat watches, 74 old chronometers, and 
7 old watches, and more chronometers and watches were added as they 
were returned, cleaned, and repaired from the makers. The trial 
ended on June H. 

The accompanying tabular statements. Tables I, II, and III, give all 
the data and results of the trial for those instruments that were suc- 
cessful in obtaining a trial number of 25 or better, that being the 
highest allowed for new chronometers and watches. 

An important amendment to the current specifications. No, 25, of 
May 15, 1903, for new chronometei^s, was i-ecommended during the 
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trial, accepted by the makers, and adopted by the Bureau of Equip- 
ineut, as follows: 

In case a new chronometer obtains a trial nnmber greater than 25 in any trial 
held accordinf; to these specifications, and in case sucn chronometer hae iifaown an 
actual acceleration of rate Irotn the first to the second of the two observed mean 
■daily temperature-room rates at 86° F., 70°, and 65°, respectively, its trial num- 
ber shall be recalculated with an allowance for such acceleration to be determined 
and applied as followB; From the two observed tetnperature-room rates at 85° F., 
70°, and 55°, respectively, calculate the mean daily acceleration at each of those tem- 
peratures; take tlie mean of these three means as tt)e mean daily acceleration, or 
coefficient of time, of the chronometer; then, beginning with the first observed ralein 
the trial, apply thiscoefficienttoail of tbesuceeedin^ observed ratesofthechronometer 
in order to reduce them for such assumed acceleration; finally, with these corrected 
rates calculate a new trial number; if such new trial number be less than 25 it shall 
be stated as 25.00 A in the final report of the trial, in place of the trial number that 
was firet obtained ; all other data and results of the trial, however, shall be of record 
as actually observed and calculated, accordingto the specifications. 

The regular work of the department in connection with the rating 
and issue of chronometers, the testing of new chronometers, watches, 
and clocks, and the sending out of the daily telegraphic time signals 
has been heavier than usual during the year, as shown by the foflow- 
ing brief summary, which, of course, does not include any account of 
the voluminous records and correspondence in connection therewith: 

Number of chronometers received 215 

Number of chronometers sent out 236 

Number of watches received - 264 

Number of watches sent out 196 

Number of stop and eomparine watches tested 83 

Number of deck and boat clocks tested +17 

There were in the naval service at the close of the fiscal year 651 
chi'onometers and 78 torpedo-boat watches, of an aggregate value of 
about $300,000, every one of which is either actually in nse in nav^- 
tion or being cleaned, repaired, and accurately rated for such use. 
The history of each is recorded vey carefully, its location and con- 
dition are alwaj's known, and its performance at sea and at the Obsen- 
atory must be observed and compared constantly in order to main- 
tain the standard required for accurate navigation. Those that fail 
must be replaced by other and better ones and a reserve kept on hand 
ready for emergencies. All of this work is imperatively demanded 
by the sea going vessels of the Navy, and is now, and always has been, 
one of the most impoitant duties of this Observatory. Incidently to 
thia chronometer service, which, of course, always requires the most 
exact time, the telegraphic time service developed; and with no addi- 
tional expense or trouble to the Navy the entire country is supplied, 
by means of the voluntary cooperation of the telegraph and telephoDe 
companies, with exact standard time daily. The mean daily error of 
the noon signal for the year is 0".045, the maximum error on any day 
being 0".2it. 

The attention of the Department is called to the need of an additional 
-officer in this department and one also in that of nautical instru- 
ments. The work in each of these departments has increased more 
than twofold since just before the Spanish war, while the working 
force has not been enlarged. 

COMPA88 OFFIC*. 

This office was in charge of Commander George H. Peters, U. S. 
Navy, to November 13, 1^5, and since that date has been in charge 
of Lieut. Commander, John M. Ellicott, U. S. Navy. 
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This office was transferred to the Observatory on January lit, 1906, 
where the work of instruction to officers has since been conducted as 
well as the other official work of the office. 

The superintendent of compasses points out the desirabiHty of the 
assignment of a competent oflicer as an assistant in the office to relieve 
him when detached and to assist in the work of the office; also the 
need of a clerk for the office. 

The supply of compasses and materials connected therewith has been 
sufficient to meet the current demands, but only a small supply iij 
excess is on hand to meet an emergency. 

Various improvements have been made in the instruments connected 
with this branch of navigation and instructions given as to their use. 
Valuable results have been obtained from the reports of navigators 
in the process of correcting variation on charts. 

Special efforts have been made to determine the most suitable loca- 
tions for compasses on board ships and submarines. 

In («3unection with this report, the need of a separate building for 
(be mounting of the Scorsby model, so that students may l»e able to 
utilize the sun for several hours of the day for compass observation, 
is strongly recommended, 

NAUTICAL ALMANAC OFFICE. 

This office has continued under the direction of Professor of 
Mathematics W, S, Harshman, U. S. Navj. 

There have been received during the year from the Government 
Printing Office 705 copies of the first edition of the American 
Ephemeris and Nautical Almanac for 1906, 118 copies of the second 
edition of the American Nautical Almanac for 1905, 101 copies of the 
first edition of the American Ephemeris and Nautical Almanac for 
1905, 1,727 copies of the first edition of the Pacific Coaster's Nautical 
Almanac for 1906, 500 copies of the first edition of the American 
Nautical Almanac for 1908, 2,549 copies of the first edition of the 
American Nautical Almanac for 1906, and 350 copies of the second 
edition of the American Ephemeris and Nautical Almanac for 1906, 

During the j)resent fiscal year the sale and distribution of publica- 
tions were as follows : 
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The proceeds of sales, amounting to $1,933.28, have been deposited 
with the Treasurer of the United States to the credit of public printing. 

The current work of this office is up to date. The ephemeris of 
Phoebe, the ninth satellite of Saturn, is now given for the first time 
in the American Ephemeris. 

THE DIVISION OF EQUATORIAL INSTRUMENTS. 

This division has continued in charge of Professor of Mathematics 

A. N. Skinner, U. S. Navy. 
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The following observations have lieeii made in this division during 
the year: 

Satellites ot Sutiirn 210 

Satellites of Uranus 12 

Bright satellites of Jiipiler 58 

Sisth satellite ot Jiipiter 9 

Satellite of Neptune 30 

5 comets 50 

66 asteroids 302 

©ccaltationa of stars by the Moon 26 

Photoffraphs for asteroiiis 12 

Mists^lianeous observfttions 45 

Total 754 

It is the aim of the division of equatorial instruments to make 
measurements of position of comets, asteroids, and the satellites of the 
planetn, and to observe the occultations of stars by the moon, which 
are predicted in the American pjohemeris. Determinations of sev- 
eral orbits of comets and asteroids nave been made. 

DIVISION OF MERIDIAN INSTRUMENTS. 

This division has continued in charge of Professor of Mathematics 
W. S. Eichelberger, U. 8. Navy. 

During the absence of Professor Eichelberger in Europe, Professor 
Skinner was in charge of this division for the iirst five months of the 
year. 

Tht^. 9-lnch tranitit circle. — The plan of work decided upon for this 
instrument in the fall of 1903 has oeeii continued during the year just 
ended. 

The number of observations from July 1, 1905, to June 30, 1906, is 
as follows: 

Zodiacal stars 2, 062 

Standard stars 3, 819 

Snreeu stars for personal equation 235 

Zenith stars for personal eqnation 80 

Sun 131 

Moon 102 

Mercury 29 

Venus 82 

Jupiter 16 

Saturn 15 

Uranus 8 

Neptune / 15 

Total 6,594 

The decrease in the number of observations as compared with the 
preceding two years is due to the tive months' absence of Professor 
Eichelberger and Mr. Yowell, and to the suspension of regular obseiv- 
ing work during May to peiniit of a determination of the errors of 
the circle graduations. 

Three determinations of the horizontal flexure indicate no change 
from the values obtained during preceding years. Several determina- 
tions of the vertical flexure have oeen obtained by the use of a vertical 
collimator, giving a flexure of about 1". 

During the month of May four observers were engaged in the deter- 
mination of the division errors of the circle graduations. A sepaiate 
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determination was made by each observer. Of the 180" diameters the 
errors of all multiples of 5*^ and of half of the remaining 144 diameters 
were completed. The errors of the remaining 72 diameters were 
determined by two of the observers, and will be determined during 
the suniiner by two others. At the same time the errors of the half- 
degree diameters will also be determined. The errorof each diameter 
is thus determined independently four times, and the maximum i-ange 
in any one of the 107 sets of four so far completed is 0",34, and the 
mean probable error of the finally adopted corrections is less than 
0".O25. 

The reductions of the observations made with this instrument are 
badiv in arrears for lack of sufficient computing force. 

T%e 6-inch imnsit circle. — The final adoption of the plans for the 
self -registering right ascension micrometer for this instrument was 
postponed until the return of the recent eclipse party so that the 
results of observation at the European observatories might be avail- 
able. The micrometer is now being constructed by the Warner & 
Swasey Company, of Cleveland, Ohio. 

AstrmiQiidHche Geisdhchoft Zone Catalogue —IJ'-' Sff to —18'^ 10'.— 
The different positions of each star in this zone as given in the four 
catalogues mentioned in the last annual report have been gathered 
together through the first ten hours of right ascension for a discussion 
of proper motion. It is hoped to finish this work for the remaining 
fourteen hours during the coming jear and to prepare the printer's 
copy for the final catalogue. This work is being carried on under the 
direction of Professor Skinner and much of it is being done by him 
personally. 

Was//ififfton Z<jne Cotulotjue. — During the present year the indi- 
vidual transit threads have been reduced to mean thread for almost all 
the zones, A number of discordant threads have thus been located, 
many wrong means have been discovered, and 48 transit zones have been 
found to have been reduced with incorrect thread intervals. Of the , 
unpublished zone observations the 400 mural circle observations made 
in 1851 are now being reduced. The reduction of these unpublished 
zone observations is Keing carried on under the direction of rrofessor 
Littcll. 

I'riiiiing. — Since the last report, Appendix I, Volume IV, Publica- 
tions of the United ■ States Naval Observatory. Second Series: Total 
Solar Eclipses of May 28, 1900, and May 17, 1901, has been published. 
The completed Volume IV, containing all the meridian circle work to 
September, 1903, not heretofore published, together with a re-reduc- 
tion by Prof. John R. Eastnmn, retired, of the observations of the 
sun, moon, planets, and comets, 1860-1891, is now in press. 

DIVISION OF THE ALT-AZIMUTH INSTRUMENT, 

This division has continued in charge of Professor of Mathematics 
F. B. Littell, U. S, Navy. 

The instrument has been used as a vertical circle for determining 
the declinations of the stars of Newoomb's Suggested List of Funda- 
mental Stare, which culminate here at zenith distances less than 75°. 
The observing list comprises 1,186 stars for upper culmination and 
136 stars for lower culmination. Each complete observation furnishes 
a double zenith distance of the star observed. Readings are made on 
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two circle divisions under each of the four microscopes, and to facili- 
tate this operation an extra set of double threads has been placed in 
each microscope at a distance of 2,5 revolutions of the micrometer 
screw from the original set. By this arrangement the principal peri- 
odic errors of the micrometer screws are also eliminated. 

The number of star observations made during the year was 899. 
Some preliminary work has also been done in examining the division 
errors of the circle. The one observer attached to tne instrument 
was absent from the Observatory for several months on eclipse duty 
in Spain and elsewhere. 

The reductions are in a satisfactory state of progi-ess. 

A new building is urgently needed for tbis instrument. The present 
one was intended only as a temporary one, and it is very poorly 
adapted to the uses of the instrument. 

DIVISION OF THE PRIME VERTICAL INSTRUMENT. 

This division has continued in charge of Assistant Astronomer 
G. A. Hill, who was absent from the Naval Observatory on eclipse 
duty from July 1 to October 10, 1905. 

Observing with this instrument has been continued by the method 
outlined in former reports. The total number of observations now 
made with this instrument and awaiting publication is 4,507, of which 
1,282 are of « Lj'rse. The number of observations made during the 
past year, comprising slightly less than nine months of observing, 
is 392. 

The oijservations are completely' I'educed to April 30, 1906, and the 
reduction of those made since that time is well in hand. 

THE PHOTOHELIOGRAPH. 

This instrument has continued in charge of Photographer G. H. 
Peters during the year. During his absence on the et-hpse expeditiou 
from July 1 to October 10, 1905, Mr. G. F. Coulon was temporarily 
in charge. 

Photographs of the sun have been obtained on ope hundred and sixty- 
eight days, on one hundred and sixty-six of which solar spots and 
faculfe were observed on the plates, including many large and im- 
portant groups of spots. 

THE LIBRARY. 

The library has continued in charge of the libiarian, W. D. Horigan. 
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Of the accessions 285 were received as exchanges and 537 were 
purchased. 

Among the books purchased were a set of the Compte Rendu de 
1' Association Francaise pour TAvancement des Sciences, Session 1-82, 
1873-1903, in 51 volumes, and a set of the Nouvelles Annales de 
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Mathematiques (Terquem et Gerono), Vols. 1-62, Paris, 1842-1903. 
The number of volumea bound for the library was 400. 

There were distributed '2,0Hi copies of the various publications of 
the Observatory. 

The routine work of the libi-ary is up to date. 

THE TOTAL SOLAR ECLIPSE OF AUGUST 30, 1905. 

The work on astronomical observations was much reduced by the 
absence of all biit one of the regular heads of divisions, with several 
of their assistants, for periods ranging from four to six months, on 
the total solar eclipse expedition of 1905, Rear-Adniiral Chester, 
late Superintendent of this Observatory, had personal charge of this 
expedition, and is now engaged in making out a full report of the 
same. His preliminaiy report is published in the Astrophysical 
Journal. 

PUBLICATIONS. 

During the fiscal year ending June 30, 1906, Volume IV, Appen- 
dix 1, has been issued. The completed Volume IV, containing about 
800 pages, is now being bound at the Ciovernment Printing Office. 

As showing the contributions to astronomy in general in other than 
Government publications, the following list of articles made public is 
submitted: 

In the Astrophysical Journal of March, 1906: "Preliminary i-esults 
of the United btates Naval Observatory Eclipse Expedition in 1905," 
by Colby M. Chester. 

In Popular Astronomy for August and September, 1906: "The 
requisites of a transit observer," by Geo. A. Hill. "A differential 
method generally applicable to all solutions proceeding by successive 
approximations, and especially available when these approximations 
practically fail to converge," by Herbert L. Rice, 

In Popular Astronomy for October, 1905: "An untried method of 
determining the constant of refraction," by Geo. A. Hill. 

In Popular Astronomy for May, 1906: "Given the elements of an 
asteroid to compute, differentially, its daily motion in geocentric right 
ascension," by Herbert L. Kice. 

In the Astronomische Nachrichten, Nr. 4039: "Elements of (532) 
Herculina and ephemeris for opposition of 1905," by J. C. Hammond, 

In the Astronomische Nachricnten, Nr. 4050: " Provisional elements 
of 1905 QU," by J. C. Hammond. 

In the Astronomical Journal, No. 580: " Elements and ephemeris of 
comet S 1905 (Schaer)," by Eleanor A. Lamson. 

In the Astronomical Journal, No. 583: " Elements and ephemeris of 
comet a 1906 (Brooks)," by Eleanor A. Lamson. 

In the Astronomical Journal. Nos. 584-685: " The proper motion 
of B. D. +38" 3095," by Geo. A. Hill. 

Also numerous observations of satellites, asteroids, comets, and 
occultations of stars by the moon. 

BUILDINGS, GROUNDS, AND ROADS. 

The buildings are generally in good condition, and the roads are 
Well kept 
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(Jradiiig has been continued on the northeastern portion of the 

f rounds and on the hill at the southwest on plat purchufied from Mr. 
heo. Barnes. The plat formerly owned by Mr. Philip Young has 
been acquired and title completed. Fifty-three hundred and forty-two 
feet of wire fence have been erected under contract, No. 7164, of June 
22, 1905, with the New Jersey Foundry and Machine Company. 

After consultation with the District Commissioners, a bill was framed 
and introduced in the Senate, 8. 5873, for the acquisition of the prop- 
erty known as the Industrial Home School property. The acquisition 
of this property is deemed very desirable in order that objectionable 
features now prevalent in that locality may be removed, and, incident- 
ally, needed accommodations for obaeivers may be obtained. 

The plat of 1.73y acres, a part of the property known as "Norman- 
stone," still remains to be acquired, and proceedings for its condemna- 
tion are before the court. It seems desii-able that these proceedings 
be expedited and title to the property obtained. 

The Superintendent renews the i-ecommendation of a former Super- 
intendent that none of the property belonging to the Observatory tract 
outside the circle be sold. 

ESTIMATES. 

In the department of astronomical observations there are large arrears 
of work on observations made, some of them as many as hfty years 
ago. The reduction of these observations should be completed and the 
work of the Observatory brought up to date. With the present force 
of computers it is practically impossible to do this. An increase in 
the number of assistants in this department or an increase in the 
appropriation for miscellaneous computations is urgently needed. 

It is further recommended by the Superintendent that the titles of 
the employees now called "computers, assistant on the equatorial, and 
assistant in spectroscopic work," be changed to "assistants in making 
and reducing astronomical observations," and that one assistant at 
$1,600 and two at $1,400, in place of two computers at $1,200, be 
allowed 
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SYNOPSIS OF THE REPORT 



SUPEKINTENDENT OF THE UNITED STATES 
NAVAL OBSEHVATORY 

FOE TBB 

I FISCAL YEAR ENDING JUNE 30, 1907. 



Rear-Admiral Aaa Walker, U. S. Navy, was Superiutendent of the 
Naval Observatory throtighout the year. 

DEPABTMBNT OP NAUTICAL INSTRtTMBNTS AND GENEEAL STOEEKEEPEB. 

This departmeut was in charge of Commander T. D. Griffin, U. S. 
Navy. 

The number of shipments made during the year was 55$, amounting 
in value to $115,954.22. The value of Uie instruments received was, 
by purchase, $47,417.39, and by return from navy-yards, etc., 
$77,883.91. The value of the stock on hand is $100,000. 

DEPAHTMENT OF CHRONOMETERS ANB TIME SEEVICB. 

This department was in charge of Commander E. E. Hayden, U. S. 
Narvy. 

The regular amiual chronometer trial b^an December 31, 1906, 
uid ended June 3, 1907. The total nmnber of instruments under 
trial, only slightly less than last year, was as follows: Thirtv-three 
new chronometers, 35 new torpedo-boat watches, and 100 old naval 
chronometers. 

The accompanying tabular statements, Tables I, II, and III, give 
all the data and re^ts of the trial for those instruments that were 
teceived in time and that obtained a trial number of 25 or less. 

The regular work of the department in connection with the rating 
Mid issue of chronometers, the testing of new chronometers, watches, 
and clocks, and the sending out of the daily telegraphic time signals 
baa been heavier than usual during the year, as shown by the foTlow- 
ing brief summary, which of course does not include any accotmt of 
toe voluminous records and correspondence therewith : 

Number of chronometera received 262 

Hnmber of chronometers sent out 266 

number of watchea received 272 

Nmnber of watches sent out 248 

number of clocks received IM 

Humber of clocks sent out IW 
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The mean daily error of the noon signal for the year was 0".073, 
the maximum error on any day being 0*.66. 

The attention of the Department is invited to the need of an addi- 
tional officer in this department and one also in that of nautical 
instruments. 

COUPASS OFFICE. 

This office was in charge of Lieut. Commander J. M. Ellicott, U. S. 
Navy, from July l, 1906, to August 10, 1906, and in charge of Com- 
mander Thomas Snowden, U. 5. Navy, from August 10, 1906, to 
June 30, 1907. 

llie superintendent of compasses points out the desirability of the 
assignment of a competent omcer as tai assistant and also tne need 
of a clerk in the office. 

The supply of compass material in stock is barely sufficient to 
meet current demands, and it is recommended that a slightly greater 
mai^in of suppUes be kept on hand in order to be prepared tor emei^ 
gencies. 

The recommendation of last year that a special building be pro- 
vided for the mounting of the experimental- machine Scoresby, so 
that students may utilize the sun in compass work, is renewed. 

This office tests all compasses before deUvery, takes magnetic 
observations on all new sMps to determine the fitness of their com- 
pass stations, and to obtain information to be used in locating com- 
passes in future ships and for data for instruction of officers taking 
the course of instruction offered by the office. During the year 14 
officers have taken this course. 

NAUTICAL ALMANAC OFFICE. 

This office has continued under the direction of Professor of Mathe- 
matics W. S. Harshman, U. S. Navy. 

There have been received during the year from the Government 
Printing Office 700 copies of the American Ephemeris and Nautical 
Almanac for 1907, second edition; 2,900 copies of the American 
Nautical Almanac for 1907, second edition; 200 copies of the Ameri- 
can Ephemeris and Nautical Almanac for 1907, third edition; 1,000 
copies of the American Ephemeris and Nautical Almanac for 1909, 
first edition; 500 copies of the American Nautical Almanac for 1909, 
first edition; 1,000 copies of the American Ephemeris and Nautical 
Almanac for 1910, first edition; and 600 copies of the American Nau- 
tical Almanac for 1910, first edition. 

During the present fiscal year the sale and distribution of publi- 
cations were as follows : 



Title. 


Bold. 


s. 


ToUl- 


»™rt«„ WT,h™..H,l .„H W.,*l™l il™™„ 


i 


1,081 
W 


I'M! 

















The proceeds of sales, amounting to t328.58, have been deposited 
with the Treasurer of the United States to lire credit of public 
printing. _^ 
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The distribution of miscellaneous publicatiouB, Astronomical Con- 
stants, Zodiacal Catalogue, Star Tables, Tables of the Moon, etc., has 
continued through the year. 

By direction of the Secretary of the Navy the sale of publications 
of the Nautical Almanac Office was transferred to the superintendent 
of documents, Government Printing Office, October 1, 1906. Since 
that date the superintendent of documents has been supplied by the 
Navy Department with the following publications for sale: 

CoplM. 

American Ej^emeru and Nautical Almanac 1, 150 

American Nautical Almanac 3,094 

Atlantic CoflHter'e Nautical Almanac 90 

Ricific Coaster's Nautical Almanac 227 

Afltronomical Papers 870 

The current work of the office is up to date. The ephemeris of the 
sixth satellite of Jupiter is now given for the first time m the American 
Ephemeris, and the reductions are being made preparatory to pub- 
lishing the ephemeris of the seventh satellite of Jupiter. 

THE DIVISION OF BQUATOBIAL INSTRUMENTS. 

This division has continued in charge of Professor of Mathematics 
A. N. Skinner, U. S. Navy. 
The following observations have been made during the year: 

SatelliteB of Mare 8 

SatelliteB of Saturn Ill 

Satellites of tiranua 30 

8 comets 67 

58aateroidB 238 

Double etara 10 

Compariflon stare 4 

Miscellaneous stars 64 

Occultations of stare by Moon 9 

Total observations 521 

It is the aim of the division of equatorial instruments to make 
measurements of the positions of comets, asteroids, and the satellites 
of the planets, and to observe as far as is practicable the occultations 
of stars by the moon which are predicted in the American Ephemeris. 
Determinations of the orbits of several comets and asteroids have 
been made during the year. 

The number of visitors received by permit for a view of the heavens 
through the 12-inch equatorial has been 1,065. 

THE DIVISION OF MERIDIAN INSTRUMENTS. 

This division has continued in chaise of Professor of Mathematics 
W. S. Eichelberger, U. S. Navy. 

The 9-inck transit circle. — "the plan of work decided upon for this 
instrument in the fall of 1903 has been continued during the year just 
ended. The work of obtaining four observations of each star in 
Sir David Gill's Zodiacal Catalogue of 2,798 stars was completed in 
October, 1906, with the exception of a few stars which need one more 
observation each. These 'stars are so scattered in right ascension that 
it will take until the autumn of 1907 to obtain the desired observations. 
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The number of observations from July 1, 1906, to June 30, 1907, is 
&a follows : 

Zodiacal etara 1,176 

Standard Htare 1, 709 

Miflcellaneoufl stars 22 

Screen etara for peraonal equation 160 

Zenith stare for personal equation 2S2 

Sun : 63 

Moon 46 

Mercury 27 

VenuB 52 

Mare 6 

Batum 11 

IJranuB 6 

Total ♦ 3,499 

The determination of the division errors of the circle graduations 
has been continued. The corrections for all the degree and half- 
degree divisions and one-third of the remaining ones have been 
determined . 

In order to better protect the instrument from the sun's rays 
during the observation of the sun, a new sunshade 4 feet wide and 43 
feet long containing an 8-inch circular hole has been mounted to run on 
curved tracks, one on each side of and parallel to the meridian of the 
instrument. When not in use this shade is wound around a drum 
situated between the south collimator pier and the south wall. By 
means of this shade both collimators ana their piers, together with the 
transit circle and its piers, are protected from the direct rays of the 
sun at apparent noon. Only the object-glass of the transit circle 
receives tne sunlight. 

The erection of this shade and a determination of the pivot errors 
of the transit circle prevented for several months the use of the 
instrument for observing. 

The apparent right ascension and declination of the observations to 
April, 1907, have been obtained, with the exception of the application 
of the clock corrections, flexure corrections, corrections for division 
error and those for variation of latitude. The reductions to mean 
place are computed to March, 1905. 

The 6-inch traneit circle. — In October, 1 906, the new self-registering 
transit micrometer, made for this instrument by the Warner & Swasey 
Company, was brought into use, and since then something over 3,000 
star transits have been observed by five different observers. A dis- 
cussion of these observations confirms the results obtained by other 
observers, that the relative personal equation of different observers is 
of the same order as its prooable error. The relative personal equa- 
tion of two of the five observers as determined by the key method of 
observing is 0'.20. 

Clock vault. — ^During August, 1906, the roof of the old magnetic 
vault caved in, and in making repairs it was decided to utilize this 
old vault, which has not been in use for nearly ten years, for a clock 
vault. The old piers for the magnetic instruments have been re- 
moved, clock piers have been built, a new concrete roof 10 inches 
thick and covered with 2 feet of earth has been constructed, and a 
hot-water heating plant installed. 
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Astr&nomische GeseUschaft Zone Catalogue —13° 50' to —18° Iff. — 
The work on this catalogue is finished and the printer's copy com- 
pleted except for a discussion of the proper motions in which Profes- 
sor Skinner is now engaged. In this work catalogues in addition to 
the four mentioned inprevious reports will be used whenever possible. 

Washington Zone Catoio^e.— The zone corrections have been ap- 
plied to all the published results obtained with the mural circle and 
the transit instrument, and the comparison with the Cordoba General 
Catalogue for a determination of the zone corrections is about one- 
thu-d completed for the meridian circle zones. 

Printing. — During the past year Volume IV, Publications of the 
United States Naval Observatory, Second Series, mentioned in the 
last annual report as in press, has been distributed. 

DIVISION OF THE ALT-AZIMUTH INSTRUMENT. 

This division has continued in charge of Professor of Mathematics 
F. B. Littell, U. S, Navy, 

The instrument has been used as a vertical circle for determining 
the declinations of the stars of Newcomb's Suggested List of Funda- 
mental Stars which culminate here at zenith distances less than 75°. 
The observing list comprises 1,186 stars for upper culmination and 
136 stars for lower culmination. The number of observations ob- 
tained during the year was 1,489. 

The reductions are in a satisfactory state of progress. 

The divisions of the circle having oecome badly worn by repeated 
cleanings, it is proposed to have trie circle regraduated in the near 
future, and it is hoped that a way will be found of avoiding the 
troubles hitherto experienced from the tarnishing of the silver grad- 
uated strip and from rust gathering at the junction of the silver strip 
with the steel circle. 

Plans and specifications for a new house, with movable roof, have 
been made and an appropriation secured for it from Congress, and it 
will be erected during the present fiscal year. 

DIVISION OF THE PRIME VERTICAL INSTRUMENT. 

This division has continued in charge of Assistant Astronomer 
G. A. Hill. 

The same method has been used in observing with the instrument 
as has been outlined in former reports. The transit is in good work- 
ing order, as well as the apparatus connected therewith. There were 
made with it during the past year 429 observations. 

The observations secured with the instrument are reduced, checked, 
and copied on the printer's form up to January 1, 1907. The obser- 
vations awaiting publication now amount to 4,953, would make a 
volume of 620 pages, and, including about 100 additional pages for 
the introduction, one of the size usually issued by the Observatory. 

TJhe observer is now engaged in discussing the observations secured 
by the polygon method in the jyears 1904, 1905, and 1906, for the 
purpose of obtaining a value of the Constant of Aberration therefrom. 
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THE PHOTOHEUOGEAPH. 

This instrument has continued in chaise of Assistant G. H. Peters. 

The sun has been photographed with the photoheliograph on one 

hundred and fifty days, ana solar spots were observed on these 

Slates on one hundred and forty-eight days. This is a sHght decrease 
om the number obtained during the previous fiscal year and is 
due to the great amount of cloudiness prevailing during the period 
covered by this report. 

Two enormous groups of solar spots were observed during ^his 
period, one in February and the other in June. The former group 
was one of the largest ever noted, and both were announced from 
here and received much attention from the press. 

The total number of solar negatives now on hand b 1,455, and it 
seems desirable to measure and reduce them. The process of measur- 
ing the coordinates of the spots on a dividing engme and their sub- 
sequent reduction involves an immense amount of labor. It is sug- 
gested that a helio micro meter as devised by Professor Hale be 
installed. The plates can then be accurately measured and an 
enormous amount of computing avoided, thus economizing time and 
hastening results. The record of the spots at pr&ient gives only 
approximate positions, which are not available for scientific dis- 
cussion, being tabulated merely for reference. 

THE LIBRABT. 

The library has continued in charge of the librarian, W. D. Horigan. 
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Of the accessions, 331 were received as exchanges and 229 were 
purchased. 

There were distributed 2,569 copies of the various publications of 
the Observatory. 

The routine work of the library is up to date. 

PUBLICATIONS, 

During the fiscal year ending June 30, 1907, Volume IV has been 
issued. 

As showing the contributions to astronomy in general in other than 
Government publications, the following list of articles made public is 
submitted : 

In the Proceedings of the Seventh Session of the International 
Railway Congress ^sociation: "A telegraphic time signal in honor 
of the International Railway Congress,'"by E. E. Hayden. 

In Science of March 22, 1907: "Clocks — ^Ancient and modem," 
address of the retiring vice-president of Section A, American Asso- 
ciation for the Advancement of Science, by W. S, Eichelbei^r. 
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InScienceof June 28, 1907; "Theolockof the U.S. Naval Obaerra- 
iotj," by W. S. Eichelberger. 

ui the Astronomical Journal, No. 587: "A comparison of two 
methods of obtaining level corrections in prime vertical transit 
obBerrations," by (Jeo. A. Hill. 

In the Astronomische Nachrichten, Nr. 4102: "Provisional ele> 
ment3|and ephemeris of 1906 U J," by J. C. Hammond and Matt 
EVedenckson. 

In the Astronomische Nachrichten, Nr. 4129: "Rfovisional ele^ 
ments of (600) [1906 U M]," by J. C. Hammond and Matt Freder- 
jckson. 

In the Astronomische Nachrichten, Nr. 4139: "Elements and 
ephemeris of comet 1906 h," by Bleauor A. Iiamson. 

In the Astronomische Nachrichten, Nr. 4156: "Frovisional 
dements of planet 1906 V L." by J. C. Hammond. "Finding 
ephemeris for (681) Tauntonia, by Herbert R. Morgan. 

In the Astronomische Nachrichten, Nr. 4157: "Elements of the 
mmor planet 1906 W O =■ (260) Huberta," by Matt Frederickaon. 

In the Astronomische Nachrichten, Nr. 4172: Elements and 
ephemeris of comet 1907 h," by Eleanor A. Lamson and C. W. Fred- 
erick. 

In the Astronomische Nachrichten, Nr. 4173: "Elements of comet 
1907 a," by Eleanor A. Lamson. 

In the Astronomische Nachrichten, Nr. 4183: "Provisional ele* 
ments of 1906 W P," by J. C. Hammond. ' 'Elements of (246) Vera," 
V Bleanor A. Lamson. 

In Popular Astronomy for October, 1906: "The effect of tempera- 
ture upon tha constants of a transit circle," by Herbert R. Morgan. 

Also numerous observations of satellites, asteroids, and comets. 

A lecture on "The sun and solar eclipses" was given before the Pi 
Beta Phi Sorority of the Geoi^ Washmgton University on March 6, 
1907, by Geo. H. Peters. 

BUILDINGS, GBOUNDB, AND ROADS. 

The buildings are in good condition. All of those containing instru- 
ments were painted last fall and minor repairs made. 

Accommodations for the observers have been improved, adding 
much to their comfort. 

A 125-horsepower boiler has been installed for heating, and all 
the clock circuits have been rewired with lead-incased wires. 

The roads have been kept in repair. About 100 yards of concrete 
pavement has been laid. A laree fill was made in the northeast por- 
tion of the circle and the grade Drought up to that of Massachusetts 
avenue; but when repairs were made on the avenue its ^ade was 
raised, in places 4 feet, thus necessitating a still further ml in the 
Observatory grounds. 

Nothing has been done with reference to the acquisition of the 
grounds of the Industrial Home School and the Normanstone tract, 
which lie within the defined boundary of the Observatory, This 
latter tract has been before the court for condemnation K>r three 
years, but the case has not been pushed. It is recommended that 
title be acquired to both of these teacts. 

It is recommended that none of the land belonging to the Observa- 
tory tract outside of the circle be sold. , 

.ogle 
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B8TIMATB8. 

It has beMl found impos^ble to obtain a sufficient force of com* 
putdTB from the eivil service, so that, with a ^eat amount of work 
waiting to be done, a part of the appropriation for miBcellaneous com- 
puting has been covered into the Treasury. The rates of pay for 
the present assistants at the Observatory were established in 18B1. 
Since that date there has been change in but one salary, a raise of 
(200. It is earnestly recommmded that the pay be increased. It 
is probable that with the incentive of promotion with better pay we 
nug^t be able to retain the services of the emplovees in these po^ 
tioos; At present hardly does an assistant get tooFougfaly familiar 
with his duties before he reagn» to take some ofBce paying a bigh«r 
wJary. i 
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SYNOPSIS OF THE REPORT 



SUPERINTENDENT OF THE UNITED STATES 
NAVAL OBSERVATORY 



FISCAL YEAR ENDING JUNE 30, 1908. 



Rear-Admiral Asa Walker, U. S. Navy, was Superintendent until 
his retirement, November 13, 1907, Capt. W. J. Bamette, U. S, 
Navy, assumed the duties of Superintendent on December 2, 1907. 

Feeling the need of more detailed information regarding the 
work of flie Department of Astronomical Observations, tne following 
order was issued organizing a board to report on the various subjects 
therein mentioned: 

U. S. Natal Ob SBRVATORT, 

Waskinglon, D. C, May 9, 1908. 

Gentlemen ; The recent written suggestions o£ the staff of the obaervatory regard- 
ing the future plan and scope of work iudicate an unanimity of opinion that the 
chief efforts of the observatory should be in the direction of fundamental meridian 
work of the highest possible order, first to furnish the data necessary for the computa- 
tions of the American Ephemeris, and secondly, to meet the requirements of astroD- 
omers in this particular branch of their work. Several eminent aatronomera concur 
in thia opinion. 

Giving due weight to the above opinions and having in view the best interests of 
the observatory, I desire that the officers named below, acting as a board, shall consider 
the above written suggestions of the staff of the observatory, consult such persona 
and papers as may be necessary, and, as soon as practicable, shall advise me on the 
following subjects pertaining to the Department of Astronomical Observations: 

(a) A general plan of work for the various instruments to cover a period of years. 

(6) The number of observers required to employ all instruments to the best advan- 
tage, and the number of computers necessary to properly balance the force of observers. 
The apportionment of the work of reducing the observations between the observers 
and computers in such a way as to expeditiously prepare the observations Eor pub- 
lication. 

(c) The condition of all instruments and their availability for immediate use If 
not available, in what respect and why. The extent to wliich instrumental errors 
have been investigated. The improvements needed to insure the most accurate 
observations, 

(d) The status of work in connection with observations;their astronomical value 
and the sequence in which their reduction and publication should be undertaken. 

ie) Any other subjects necessary to the efficiency of the astronomical work. 
Very respectfully, 

W, J, Barnette, 
''iijiliuH, C a. Xiiri/, Sii/i/'nnli'nili-'it Xiiral Observatoru. 
(131S8— 0!< 1 .".OOQIc 
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Members of the board. — Commander A. G. Winterhalter, U. S, 
Navy, senior member; Professor of Mathematics Milton Updegraff, 
U. S. Navy, member; Professor of Mathematics W. S. Eichelbemrr 
U. S. Navy, member; Professor of Mathematics F. B. Littell, UTS. 
Navy, member; Professor of Mathematics Asaph Hall, U, S. Navy, 
member. 

The board began its work on May 11 and submitted its report on 
Julys. 

Commander Winterhalter having been detailed as Hydrographer 
of the Navy, was detached from the observatory and Assistant 
Astronomer Geoi^ A. Hill was made a member of the board to fill 
the vacancy. 

The following are some of the more important conclusions and 
recommendations of the board and are approved by the Superin- 
tendent. 

PLAN OF WORK. 

The astronomical work of the Naval Observatory should be so 
planned and executed as to beat subserve the two following purposes, 
to wit: 

(a) To furnish to the Nautical Alnuiaac Office, aa far as may be possible, such ob- 
servations and such data as may bo needed (or carrying out the purpose of the l«w 
under which the appropriations for that offlco are made trom year to year, which is U 
follows: "For • * * preparing for publication the American Ephemeria and Nau- 
tical Almanac and improving the tables of the planets, moon, and stars " ' •-" 

(b) To make such other observationB for the promotion of aatronomical science 
and geodesy and of navigation as may properly Ml within the province of a greet 
astronomical observatory maintained at government expense. 

The principal work of this observatory should be in the field of 
the astronomy of position as distinguished from the astrophysical - 
work which has attained in recent ^ears such great development in 
the world and which is being so efficiently and so extensively carried 
on elsewhere in this coimtry. 

The instruments and methods used here and the selection and 
training of observers should be continuously and constructively 
adapted to the highest efficiency in the astronomy of position. 
In doing this, advantage should tie taken of progress made in such 
work in this country and abroad. The methods should be adjusted 
to the present state of astronomy and to local conditions and should 
be, as far as possible, independent and original rather than imitative. 

The so-called fixed stars being a system of points to which all 
other heavenly bodies are referred, the determination with the 
highest accuracy possible of the positions of these objects is of the 
utmost importance in astronomy. Since the fixed stars are subject 
to proper motion, the places of those which are used for the above 
purpose, must be predicted with great accuracy for many years in 
advance. The so-called fundamental or standard stars are those 
whose past and present places are well enough known so that this 
can now be done. But unless the observation of these stars is 
continued, their predicted places will decrease in accuracy from year 
to year. Indeed, the places of few of them are as well deternuned 
as they should be even now, and besides the number of fundamental 
stars, ephemerides of wliose apparent places are printed in the Ameri- 
can Ephemeris from year to year should be increased, especially in 
certain parts of the sky. ( ixhjIi' 
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Therefore the main feature of a plan of work for thia observatory 
should be the establishment and continued maintenance of meridian 
.observations for absolute positions of the fundamental stars and of 
stars which are to be made fundamental, and in addition the inde- 
pendent determination by observations of the sun, of the position 
of the equator and equinox among the stars. The values of the con- 
stants of nutation and aberration on which all these operations de- 
pend should also be independently determined. Then determina- 
tions of the positions of the moon and planets with reference to the 
fundamental stars present few difficulties. 

aENBRAL FRINCIFLBB QOVBHNINO PUMDAMBNTAL WORK, 

Determinations of positions of the heavenly bodies with reference 
to the equator and equinox, made in such a way as to be independ- 
ent of other similar work, axe to be regarded as fundamental or abso- 
lute in distinction from determinations of position merely with ref- 
erence to the so-called fundamental or standard stars, which must be 
regarded as differential or relative. 

In the execution of fundamental work, tlie observations should be 
so planned and so made as to give when reduced, as directly as possi- 
ble, positions in both right ascension and declination of a funda- 
mental or absolute character. Such observations may, if desired, 
be reduced in such a way as to give also differential results, but it is 
not advisable to make differential observations with a view to deducing 
therefrom fundamental results. Instrumental errors and errors in 
the adopted values of the constants of nutation and aberration as 
well as the variations of latitude and azimuth due to variability in 
the motion of the zenith, point among the stars should be eliminated 
as far as possible in the processes of observation and reduction rather 
than by the application of numerical corrections. 

Absolute determinations of declination must be made with refer- 
ence to the equator point or to the polar point of the divided circle, 
and these points must be found by observations of the same circum- 

f»olar stars at both upper and lower culmination. The upper and 
ower culminations of any one circumpolar star observed snould be 
as far as possible consecutive — that is, twelve hours apart. Since, 
in practice, the zero point, or rather the index of a divided circle, does 
not remain fixed for any considerable length of time, and because the 
observations of a circumpolar star at upper and lower culmination 
are at least twelve hours apart, some fixed point which can be observed 
directly, as the nadir point or the horizontal point, must be observed 
at the time of both upper and lower culmination. The mean of the 
two altitudes of the star derived from these observations may, when 
corrected for refraction, be regarded as a fundamental or absolute 
determination of the latitude of the place of observation. The lati- 
tude, when combined with the circle reading on either the nadir point 
or the horizontal point gives either the polar point or the equator 
point of the circle. 

The difference between the circle reading for the equator point and 
the circle reading on any star on the meridian, the latter being cor- 
rected for refraction, gives a fundamental or absolute determination 
of the declination of the star. The atmospheric refraction at all 
zenith distances should be investigated by the best methods and 
fundamentally determined under conditions the same as those under 
which the above described observations are made. 
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The equinoxes and the obhquity of the ecliptic are determined by 
means oi fundamental observations of the declination of the sun. 
Then the right ascensions of a limited number of so-called funda-; 
mental or standard stars are determined by transit and clock obser- 
Tations of their distances in hour angle from the sun. These stare 
should be within perhaps 15° or 20° of the equator, and bright enough 
to be observed in the daytime. Then, by means of transit observa- 
vations with a clock of the best possible rate, the absolute right ascen- 
sion of any other star or heavenly body may be determined. The 
clock rate must be determined by means of the same stars observed 
at consecutive transits. The clock error at any instant must be found 
from this rate, and from the error at some epoch based upon the 
known or assumed right ascensions of some or all of the above men- 
tioned limited number of fundamental or standard stars. 

In practice, an azimuth mark or mire is necessary for the best re- 
sults. The azimuth of the mark, and indirectly that of the instru- 
ment, must be determined by observations of circumpolar stars at 
upper and lower culmination, the same stars being observed as far 
as possible at culminations which are consecutive. The collimation 
and level of the instrument will be obtained by the usual mechan- 
ical methods. 

The constants of nutation and aberration should, of course, be 
independently determined, but so great is the accuracy of the values 
of these constants now m general use that any change in their 
adopted values must be regarded as inadvisable for the present. 
But approximate or provisional values of these constants would 
suffice for determination of the polar point and clock rate as above 
specified for the reason that they enter only in a differential man- 
ner. That is, the polar point and clock tate thus determined are 
affected by slight changes only, in the nutation and aberratiou, 
which can be accurately allowed for. The above-mentioned varia- 
bility in tlie motion of the zenith point also has a slight differential 
effect on the position of tlie polar point and on the clock rate as deter- 
mined, and also upon the azimuth of the mark. 

The application of these principles htH vary with the character 
of the work in hand and according to the individual views and 
practical methods of the observer. If it should appear to be desir- 
able or necessary to modify this general plan for fundamental work, 
such change should be made only after due consideration and ap- 

Eroval by a board which should act in the light of full knowledge 
oth of the views of all the astronomers of this observatory and of 
the m?tliods and the character of the results produced at the prui- 
cipal observatories of the world where meridiiin^work is carried on. 

It. ifl the opinion of the board that ('ongress should be sucked to appropriate for an 
asttiutant in the department of chronometers and time service. 

In the opinion of the board the need for additional computers and observers is greater 
than that for additional equipment aside from such improvements in the present 
instrumental outfit as have been already recommended. 

Furthermore, the efficiency of the entire force of the observatory would be mate- 
rially increased by better accommodations for both lodging and meals on the obser- 
vatory ^unda. Additional quarters for observers are especially necessary. In this 
connection attention is called to the following quotation from the Report of the Chief 
of Bureau of Equipment tor the year 1892, page 137, which in as true and as pertinent 
now as it waa at that time: 

"Note. — In order that the workof a laz?^ observatory may be properly and economic- 
ally done, it ia absolutely necessary that the observers be within prompt c^l to their 
instruments' throughout day and night. Very imjjortant observations can often be 
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•Kuted from the clearing of the eky for a few hours, ot even in some caaea for a tew 

miouteg, if the obBerver be within eaay call b" "- — — ■-•- '"'-' — •- ■— 

sccompliehed, in the isolated 'situation of the n 
upon the grounds for the obaervera. The Go' . 
uavy-yardH, araeoalH, forta, and Bchools foi the othcera on duty there, 
requires Buch unremitting attention and constant presence at all hours as that of the 
setoonomer, and no observatory can be regarded aa economically managed which 
does not furnish dwellings for all ita obaervera close by their instruments. It ia eeti- 
maled that with the observers living on the grounds of the new observatory not only 
will two or three times as much work be done aa it will be poeaible to do otherwise, 
but the quality of this delicate work will be materially improved on account of the 
d>eerven beii^ in a proper physical condition to begin their labors, instead of with 
hmtsb unstnine from nurryiog some miles from their oomea immediately aft«r meals, 
or at unreaeonaole hours of the night." 

The value of the work and advice of this board were convincing 
proof that the astronomical work of the observatory could be more 
inteUigently and uniformly administered with the advice of a body 
like the board, selected mainly from the aatronomical staff of the 
observatory; therefore, following the general principles embodied in 
the recommendations of the Qiief of Bureau of Equipment and 
Superintendent m their combined letter dated September 7, 1897, 
tte following order -was issued creating a council, Deheving that it 
would become an important element in me administrative machinery 
of the observatory and insure that continuity of policy and effort 
which is absolutely essential to its efficiency. 



Opueb. 

There ia hereby formed an astronomical council compoaed ot the following mem- 
bera; The Superintendent (ex officio), the Aaaiatant Superintendent, such asaiatanta 
io charge of the astronomical divisions as the Superintendent may designate, and 
the Director of the Nautical Almanac. 

The council should be guided by the fact that the most important astronomical 
duty of tiie Govemment is the publication of a nautical almanac, and as that ia 
intended not only for the use of navigators, but also of astronomers in we most delicate 
investigations known to their acience, it ahould be kept up to the highest attainable 
pitch of accuracy. To that end, continuous fundamental meridian obaervations 
upon the aun, moon, planets, and stars are abaolutely necessary and constitute the 
SEtronomical essentials. 

The council shall advise the Superintendent on the foUowii^ subjects: . 

1. The coordination and cooperation of the work of the Department of Astronom- 
ical Obaervations and of the Nautical Almanac Office. 

2. Suggested variations from the plan of astronomical work prescribed by regu- 
lations. 

3. Methods to he used in the prosecution of the aatronomical work. 

4. Condition of and chai^a proposed in instrumental equifHnent. 

5. The asstenment of the scientific personnel to give the best poesible results. The 
SBaignment of computers should be so made aa to balance the work of the obaervera 
andcomputers, in order that observations may be expeditiously published. 

6. The character and astronomical value of the observations and their publication, 

7. Promotions, transfers, and filling of vacancies. 

8. The yearly estimatea for submission to the Secretary of the Navy. 

8. The expenditure of the appropriationa for astronomical and scientific purpoaea. 

10, A system by which the coat of any piece of work may be readily available. 

Of the above enumerated aubjects, those relatii^ to the Nautical Almanac Office 
shall be considered first by the director of that office, those relating to the Depart- 
ment of Astronomical Observations shall be considered first by an executive com- 
mittee, and the conclusions ot both shall be submitted to the council. 

There shall be formed an executive committee ot the council, consisting of three 
heads ot divisions of the Department of Astronomical Observations, to be aeaignat«d 
by the Superintendent. 

Google 
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The executive committee shall have charge of all editii^ and printiDe; perUiniiig 
to the Department of ABtronomical ObBervatione, and in addition Bhall undertake 
any other duties which may be assigned to it by the Superintendent or by the council. 

Tlie executive committee shall audit the accounts of the observatory arising from 
the expenditure of appropriations coming under the following subheads: Misceliane- 
ouB computations, Department of Astronomical Observationa; profeaeional and 
scientific books; apparatus and instruments and for repairs of same. 

The heads of diviaionaxif the Astronomical Department shall submit their mraHhly 
reports of procreas to the Superintendent and these shall be laid before the council. 

The council shall meet monthly, except in August, and at such other timee as the 
Superintendent may direct. 

A clerk shall he detailed to act aa secretary of the council and of tlie executive 
committee, who shall keep minutes of each meeting in a book or other proper file. 

Should the Superintendent not act on the advice of the council, he shall give hia 
reasons therefor, and they shall be entered upon the minutes. 

W. J. Barnbttb, 
Captain, U. S. Navy, and Superintendent Naval Oburmlory. 

The marked advantages of this new method of conducting the 
astronomical work of the observatory are ah^ady apparent, and if 
the above outhned plan of work and the council can be made perma- 
nent by proper reflations it is clear that the output from the 
observatory will in time fully meet the requirements of the Nautical 
Almanac and of astronomers. 

As a result of the recommendations of the board, and with the 
approval of the council, measures have been taken to put the 6-iiich 
transit circle in good working order, and if found suitable it will be 
employed in the determination of absolute positions of the sun and 
fixed stars, as recommended by the board. 

It is intended, after thorough consideration and discussion by the 
council, to make other necessary improvements in the astronomical 
work of the observatory. 

Abstracts of the reports of tlie heads of the various departments 
of the observatory follow ; 

DEPASTMENT OF ASTRONOMICAL OBSERVATIONS, 

From July 1 to August 21, 1907, tliis department was subdivided 
as shown in the Superintendent's last annual report. The Division 
of Equatorial Instruments was in charge of Prof. A. N. Skinner, U. S. 
Navy, until July 10, 1907, when at his own request he was reheved; 
the Division of Meridian Instruments was in charge of Prof. W. S. 
Bichelberger, U. S. Navy; the Division of the Alt- Azimuth Instru- 
ment was in charge of Prof. F. B, Littell, U. S, Navy; the Division 
of Prime Vertical Instrument was in charge of Assistant Astronomer 
G. A. HiU; and the Photograpluc Equatorial and PhotoheUograph 
were in charge of Assistant George H. Peters. 

On August 21, by order of the Superintendent, Prof. W. S. Eichel- 
berger, U. S. Navy, was placed in charge of all observational work, 
and this arrangement has been continued to the end of the fisciu 
year. 

THE 9-INCH TRANSIT CIRCLE. 

Prof. W. S. EiCHELBERGBB, U. S. Navy, in charge. 

This instrument has been used in the determination of the right 
ascensions and declinations of the sun, moon, planets, and the stars 
of Newcomb's Suggested List of Fundamental Stars. In addition, a 
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few miscellaDeous stars were observed and such zodiacal stars as 
were necessary to complete the four observations of each of those in 
the zodiacal list under observation for the past few years. Several 
hundred stars were observed for determination of personal equation 
and instrumental flexure. The instrument was used clamp east until 
April 23, and thereafter clamp west. 

Tlie number of observations from July 1, 1907, to June 30, 1908, 
is as follows; 

Standard stare 6,585 

aodiacal etaia 93 

Miseellaneoue Btars 86 

Screen etara for peraonal equation 297 

Zenith stars for personal equation 259 

Stars for iDstrumental flexure 84 

Sun '169 

Moon 155 

Mercury 69 

Venus 108 

Mus •. , 15 

Jupiter : 16 

Saturn 12 

Uranus 6 

Neptune 15 

Total 7.969 

There are still needed about 1,000 observations to complete the 
10 observations each of the stars in Newcomb's Suggested List of 
Fundamental Stars, but these observations are so scattered in right 
*3cension that it will require about ten months to secure them. 

In addition to the usual determinations of the horizontal and ver- 
tical flexure by use of coUimators, a series of star observations, direct 
ftnd reflected, in both clamps, was made, which gave results con- 
firming those previously determined from the collimators. 

The division error work, including the determinations of the 
correction for division error of each 2' division of Circle B, was 
finished March 28, 1908. The probable error of the correction to 
the mean of four microscopes is 0"04. 

The reductions of the observations are further advanced than for 
several years past. The apparent declinations are finished to March, 
1908, except the corrections for division error, flexure, and variation 
of latitude. The right ascensions are reat^ for the application of 
the clock correction up to October, 1907, The clock corrections are 
coDected to September, 1907, and adopted to September, 1906, The 
reductions to mean place are computed to April, 1907. 

The regular observers during the year have been Assistant Astrono- 
mer H. R. Moi^an; Assistant (now Professor) Asaph Hall, to 
March 17, 1908; Assistant C. W. Frederick, from March 17, 1908; 
and Assistant {temporary appointment) Jesse Pawling, jr. 

The observations of the zodiacal stars and of the stars for the 
determination of instrumental flexure were made by Prof. W, S. 
Eicheiberger, U. S. Navy. 

THE 6-INCH THANSIT CIRCLE. 

No observations have been made with this instrument during the 
past year. Various parts of the instrument, especially the pivots and 
circles, having deteriorated during the time which had elapsed since 
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observations with it were discontinued on September 4, 1903, meas- 
ures have been taken to put the instrument in good order for the 
determination of absolute positions of the sun and fixed stars. 

During the year a wooden house to cover the south mark pier has 
been constructed. 

THE CLOCKS. 

The Riefler clocks in air-tight glass cases have continued to ^ve 
satisfaction during the year. A definitive discussion of the rates of 
Riefler clock No, 70 from February 6 to June 21, 1905, has been 
completed. During this period the clock case was sealed and 
apparently no air entered or left the case, the changes that occurred 
in the pressure being due, presumably, to changes of temperature. 

Assuming the clock rate to vary with the reading of the barometer 
in the clock case and with the time, the following expression waa 
obtained from the observed rates for the daily rate or the clock: 

R=+0f00254-0?01244(B-677.5"""}-0?000365 (T-Apr. 14.5). 

The mean deviation of the computed from the observed daily rate tor 
the period is 0'009. 

THE NEW CLOCK VAULT. 

The construction of a shingle roof over this vault has stopped the 
leaking which had arisen though faulty construction. A new eas 
stove nas been installed in the hot-water heating system and the 
amount of heating surface has been increased. 

During Jirne, 1908, the vault was kept closed and in all respects 
as it would be kept if the clocks were inet^ed, except that no ther- 
mostat had yet been put in and the gas stove was in constant opera- 
tion. At the end or the month, there was a difference of 6° F. 
between the wet and the dry bulb thermometers. The tempera- 
ture in the corridor surrounding the vault and where the hot-water 
pipes are located had reached 98°. 

Observations will be continued during the summer to see if the 
vault will remain suificiently dry^ and during the coming winter 
to determine if the heating plant is powerful enough to maintain a 
temperature of 75° in the vault throughout the entire year. 

THE ALT-AZIMUTH. 

Prof. F. B. LriTELL, XT. S, Navy, in charge. 

There were made with this instrument, used as a vertical circle, 
during July, 1907, 116 dechnation observations of stars in New- 
combs Suggested List of Fundamental Stars. 

On July 17, 1907, the instrument was dismounted, preparatory 
to the construction of a new house for which Congress nad appro- 
priated $3,000. The new house embodies the latest ideas in the 
construction of a shelter for an instrument to be used for declina- 
tion work, inasmuch as it leaves the instrument practically in the 
open air during observing. The roof sections move entirely off the 
building, leaving a free space 14 feet wide, with side walls only as 
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high as the axis of the iDstniment, which act as a wind-break but do 
not prevent a distribution of air temperature conforming closely to 
that outside. 

As stated in the last annual report, it was proposed to have the 
vertical circle of this instrument regraduated, and it was hoped that 
the regraduation could be done during the period the house was beii^ 
built. However, it happened that tne Warner & Swaaey Company, 
the makers of this instrument, were moving their graduating engine, 
and it was not until March, IdOS, that the circle was sent to them 
upon receipt of word that they were readv for the work. The cir- 
cle has not yet been returned to the oDservatory. In order to 
do away entnely, if possible, with the troubles experienced in the 
use of silver divided strips, especially in connection with a steel 
circle, after considerable correspondence and some experimenta- 
tion, it was decided to use a gold-ailver alloy (80 per cent gold and 
20 per cent silver) for the graduated surface and to copper-plate 
and then silver-plate the steel circle before inlaying the gold strip. 

Prof. F. B. Littell, U. S. Navy, has been the only observer 
assigned to this instnunent. 

Since December, 1903, when Professor Littell commenced to ob- 
serve with the alt-azimuth, he has made about 5,400 observations, 
and they are about one-half reduced at the present time. 

Before December, 1903, Mr. Hill had accumulated 2,500 observa- 
tions with this same instrument, but these are practically unreduced. 

THE 26-INCH AND 12-INOH EQUATORIALS. 

As stated above these instruments were under the general chai^ 
of Prof. A. N. Skinner, U. S. Navy, until July 10, 1907, and subse- 
quently they were under the general charge of Prof. W. S. Eichel- 
be^r, U. S. Navy. 

The number of observations from July 1, 1907, to June 30, 1908, 
with the 26-inch equatorial is as follows: 

SatelliteB oi Mars 18 

Satelli tea of Saturn 189 

Satellites of Uranua 29 

Satellite of Neptune 13 

Phenomena of Saturn's MtelliteB 4 

3 comets 16 

68 asteroidB 241 

Double Btan , 4 

Miscellaneous stars 3 

Occultations of stars by moon 13 

Total 629 

The reduction of the observations is practically up to date. The 
observations of the satelhtes of Saturn and of the sateUite of Nep- 
tune, as weU as those of the satellites of Uranus made in 1907, have 
been communicated to the astronomical journals for pubhcation. 
The printer's copy for a volume to include all the equatorial obser- 
vations from 1894 to 1907, inclusive, is nearly completed. 

Determinations of the orbits of several asteroids have been made 
during the year. 

An electric motor for turning the dome has been installed, and 
Works very satisfactorily. 
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On May 20, 1908, the object-glaas of the 26-mch equatorial waa 
removed from its cell, cleaned, replaced, and adjusted by Mr. C. A. R. 
Lundin. 

The observers during the year have been Prof, H. L. Rice, U, S, 
Navy, to September 21, 1907; Prof. Asaph Hall, U. S. Navy, from 
March 20, 1908; Assistant Astronomer J. C. Hammond and Assist- 
ant Matt Frederickaon throughout the year. 

The number of observations secured with the 12-inch equatorif^ 
from July 1, 1907, to June 30, 1908, is as follows: 

13 aateroids 39 

Zcomete 5 

Occultations of Btare by moon 14 

Phenomena of Saturn's aatellitea 3 

Total -. 61 

These observations were made by Assistant Matt Frederickson, 

except three comet observations by Assistant Astronomer H. L. 

Rice, and the phenomena of Saturn s satellites by Assistant Geoige 

H. Peters. 

On May 20 and 21, 1908, the object-glass of the 12-inch equatorial 

was removed from its cell, cleaned, replaced, and adjusted by Mr. 

C. A. R. Lundin. 
The number of visitors received by permit during the year for a 

view of the heavens with the 12-inch equatorial is 1,708. 

THE FBIME VERTICAL TRANSIT INSTRUMENT. 

Aesistant Aatronomer G. A. Hill, in charge. 

As in previous years Mr. Hill has been the only observer on this 
instrument during the year. 

The same method has been used in observing with this instru- 
ment as has been outhned in former reports, i. e., to observe for 
variation of latitude, 16 stars, divided into four groups of four 
stars each, the mean right ascensions of the four groups being 
six hours, fourteen hours, eighteen hours, and twenty-two hours. 
The instrument is in good working order, and only a few minor 
repairs have been necessary. There were made during the year 599 
observations. 

The observations already made are reduced, checked, and trans- 
scribed on the printer's copy to January 1, 1906. The observations 
are reduced to mean place to October 25, 1907. 

THE PHOTOGRAPHIC EQUATORIAL AND PHOTOHELIOGRAPH. 

Aseietant Geoboe H. Peters, in charge. 

The photographic equatorial was described in the Superintendent's 
annual report for the fiscal year endii^ June 30, 1905. In March, 
1908, there was added to its battery of cameras an 8^-inch visually 
corrected lens of 12 feet focal length. This lens was the one used in 
the transit circle at the old observatory- All the work necessary to 
the mounting of this lens was done by Mr. Peters. 

The instrument has been employed principally for finding asteroids 
to be observed micrometrically either with the 26-inch equatorial or 
the 12-inch. 
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Eighty asteroid fields have been photographed with this instru- 
ment during the year, in some cases several asteroids being found on 
the same plate. 

The sun has been photographed with the photohehograph on one 
hundred and seventy-nine days, and aolar spots were observed on 
every day but two. The phott^raphs show a considerable decrease 
both in the number and m the size of the solar spots and groups. 
The total number of solar negatives now on hand made with tnis 
instrument is 1,634. 

Mr. Peters has worked without assistance on these instruments. 

THE TRANSIT OF MEEOURT. 

Four observations each of the III and IV contacts of the transit 
of Mercury were obtained on the morning of November 14 by Prof. 
W. S. Eichelbe^er, Assistant Astronomer G. A. Hill, Assistant 
Astronomer J. C. Hammond, and Assistant Matt Frederickson. 
Twelve photographs of the transit were obtained by Assistant G. H. 
Peters. 

THE FABTIAL SOLAR E0LIP8B. 

Five observations each of the I and II contacta of the partial solar 
ecUpse were obtained on June 28 by Prof. F, B. Littell, Assistant 
Astronomer G. A. Hill, Assistant Astronomer J. C. Hammond, 
Assistant C. W. Frederick, and Assistant Matt Frederickson. Seven 

ghott^aphs of the sun during the echpse were obtained by Assistant 
r. H. Peters. 

-IS" 50' TO 



The printer's copy of this catalogue and the introduction was 
sent October 21, 1907, to Doctor Ristenpart, Berhn, Germany, who 
has chaise of the publication for the Gesellschaft. The proof 
sheets were read both by Doctor Ristenpart and the Naval Observa- 
tory, and the last sheets were returned to Berlin May 27, 1908- It 
is expected that the completed volume will be puolished by the 
Astronomische Gesellschaft of Leipzig, Germany, during August, 

ioos. 

This catalogue contains 8,824 stars observed by Prof. A. N. 
Skinner on the 9-inch transit circle 1894-1905, and forms the fourth 
volume of the second division of the catalogue of the Astrono- 
mische Gesellschaft which embraces all stars to the ninth magnitude 
between 23° south and 80° north declination. 

Professor Skinner is now engaged in preparing material to be 
used in discussing the proper motions of the stars m this catalogue. 
This material is mtended to embrpce the data from*all accessible 
star cata 



THE WASHmOTON ZONE CATALOGUE. 1846-1852. 

All of the published observations have been compared with the 
Cordoba General Catalogue, and where there were sufficient stars in 
common, zone corrections have been deduced and apphed. 

"ITie 5,000 errors furnished from different sources as mentioned in 
the annual report for the fiscal year ending June 30, 1903, and many 
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others discoTered during the last five years, have been examined 
and the necessary corrections to the observations made. Durii^ 
this work it was found ttiat frequently transit threads which gave 
quite discordant results when reduced to mean thread were com- 
bined to give the published right ascension of the star, so that it was 
decided to re-reduce all transits. This has been finished for the tran- 
sit and meridian circle zones, and is in progress for the mural zones. 
This investigation has revealed a lai^e number of discordant threads. 
The reduction of the 7,000 unpublished observations of 1S47, 
1848, 1851, and 1852 by Professor LitteU ia nearly completed, and a 
large part of these observations has been compared with the Cordoba 
General Catalogue in order to obtain the zone corrections. 

DISCONTINUANCE OP THE BKANCH OBSEBVATOET AT TUTUILA, SAUOA. 

H The branch observatoir at the naval station, Tutuila, Samoa, 
established by an order or the Navy Department dated February 8, 
1904j and intended for astronomical and magnetic work, was dis- 
continued by an order of the department dated January 28, 1908. 
This was done for the reason that the climatic and terrestrial condi- 
tions have been found by practical experience to be such that there 
is no hope that the expectations with which that observatory was 
established could ever be realized. 

Mr. C. W. Frederick, assistant U. S. Naval Observatory, was in 
charge of the Tutuila Observatory from September, 1904, to October, 
ld06, and Mr. Benjamin Boss, also an assistant here, was in chai^ 
from the latter date until the observatory was closed in May, 1908. 

The reports of Mr. Frederick and of Mr. Boss, which are on file 
here, agree in showing that high winds, dense clouds, bad seeing, 
and an almost total absence of really clear weather, together with 
instability of the foimdations of the observatory due probably to 
the beating of the waves on the seashore, rendered the site unsuit- 
able for astronomical observations. The magnetic character of the 
volcanic formation of the island makes the site equally unsuitable for 
magnetic observations, and the existence of an active magnetic 
observatory maintained by the German Government on the neigh- 
boring island of Apia renders such observations unnecessary at 
Tutuila. 

The closii^ of this observatory is further justified by the fact that 
the instrumental equipment both for astronomical and magnetic 
work was inadequate, and the conditions for hving there were so 
unfavorable as to make necessary so frequent an exchange of 
observers as to impair whatever efficiency the observatory might 
otherwise have had. 

PUBLICATIONS. 

As showing the contributions to astronomy in general in other than 
government publications, the following list of articles made public is 
submitted : 

In the Astronomische Nachrichten, Nr. 4226: "Ephemeris of minor 
planet (611) (1906 VL)," by Matt Frederickson. 

In the Astronomisme michrichten, Nr. 4232; "Asaph Hall," by 
W. S. Eichelbei^er. 

In the Astronomische Nachrichten, Nr, 4=234: "Elements and find- 
ing ephemeris of planet 1906 VM," by Eleanor A. Ijamson. ^ 
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In the Asironomische Nachrickten,^T. 4240: " Ephemeris of minor 
planet (622) (1906 WP)." by Matt Frederickson. 

In the Astronomi£che Nachrlchtf.n, Nr.4245: "Elements and ephem- 
eris of (681) Tauntonia," by H. "*. Morgan, 

In the Astronomical Journal, No. 596: "Elements of planet 1907 
XZ," by Eleanor A. Lamson. 

In the AstronomicalJoumal, No. 698: "Elements and ephemerides 
of planet 1907 XP," by Asaph Hall, jr. 

In the Astronomical Journal, No. 599: "Elements and ephemeris 
of comet d 1907 (Meliish)," by Eleanor A. Lamson. 

In the Biographical Memoirs of the National Academy of Sciences, 
Vol. VI, pp. 276-309: "Published writings of Asaph Hall," by W. D. 
Horifjan. 

In the Veroffentlichungen des Koniglichen Astronomischen ''echen- 
Tnstituts zu Berlin, No. 32: "Elements and ephemeris of 599 (1906 
VI)," by Matt Frederjckson. 

Also In the Astronomical Journal and Astronomische Nachrichten 
numerous obsei'vationa of satellites, asteroids, and comets,|and the 
observations of the transit of Mercury, November 14, 1907. 

THE NAUTICAL ALMANAC OFFICE. 

This office continued uJider the direction of Prof. W. S. Ilarshman, 
U. S. Navy, until October 1, 1907, when he was succeeded by Prof. 
Milton Updegraff, U. S. Navy. 

On July 1, 190R, Mr. James 'obertson was advanced from assistant 
at $1,600 to assistant at $1,800 to fill a position at that salary estab- 
lished by (Congress this year. Mr. G. F. Crawley, of Columbia, S, C, 
was appointed a piecework computer on December 19, 1907. On 
February 12, 1908, Miss Isabel Martin, of Washington, D. C, was 
appointed a piecework computer by transfer from the eligible list 
for miscelliineous computer, U. S. Naval Observatory. Mr. Thomas 
E. Trott, of Scio, Ohio, was appointed piecework computer on June 
15, 1908. 

The (hity of distributing tlie American Ephemeris and Nautical 
Almanac and the American Nautical Almanac to the ships of the 
navy has been transferred by the Chief of the Bureau of Equipment 
from the ITydrographic OiEce of the Navy to the Nautical Almanac 
Office, beginning with the issues of these publications for the year 1909. 

The list of astronomical observatories and of other institutions both 
domestic.and foreign to which the American Ephemerb and Nautical 
Almanac and the Astronomical Papers are sent has been considerably 
increased. The number of astronomers and of other persons of scien- 
tific reputation and standing to whom the Astronomical Papers are 
sent free has been lai^ely increased, but, with the exception of a very 
few cases, the American Ephemeris and Nautical Almanac is not sent 
free to individuals. "^ 

As stated in the last report, all of the publications of the office, in- 
cluding the Astronomical Papers of the American Ephemeris, Vol- 
umes I to VIII, are kept for sale by the Superintendent of Documents, 
Government Printing Office, Washington, D. C. They are no longer 
sold by the Nautical Almanac Office. Volume I of the Astronomical 
Papers has been out of print in this country for some years, but 107 
copies belongins to the office have recently been procured from cer- 
tain booksellers in Kurope to whom they had been sent in 1S82 to be 
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sold, and are uow for sale by the Superintendent of Documents, as 
noted above. 

Two parts of Volume Ia of the Astronomical Papers of the 
American Ephemeris, entitled "Tables of the Satellites of Saturn," and 
"Tables for the Transformation of Longitude and Latitude into Right 
Ascension and Declination for the Sun and Moon," which have been 
prepared during the past few years, are ready for the press. Their 
publication has been delayed by a deficiency in the printing fund of 
the Navy Department for the last fiscal year. The material for a 
third part of Volume IX is now being prepared. 

A considerable amount of work is being done by the office in coop- 
eration with Prof, Simon Newcomb,U. S. Navy (retired), in continua- 
tion of hia researches on the motions of the Moon and the planet Mars, 
which were commenced while Professor Newcomb was Director of 
the Nautical Almanac. 

The American Ephemeris and Nautical Almanac for the year 1911 
was distributed in April, 1908. It differs only sightly from the 
issues for several years past, but preparations are being made for 
various changes in the volume for the year 1912, some of the more 
important of wliich are as follows : 

(a) The tables of lunar distances will be omitted hereafter. Inqui- 
ries made in October, 1907, by the Chief of the Bureau of Equipment, 
developed the fact that these tables are practically no longer used by 
the navigators of either the naval service or of the merchant marine, 
and authority has been given for their omission beginning with the 
volume for 1912. 

(6) The omission of the lunar-distance tables will make available 
for other matter about 74 pages of the American Ephemeris and Nau- 



tical Almanac, and this space will be utilized by increasing bv about 
300 the number of ephemerides of fixed stars, thus raising tne total 
number of such stars of wliich the apparent places are given to about 
700. These stars and their mean places in nght ascension and decli- 
nation for the beginning of the year are taken from Newcomb's Funda- 
mental Catalogue. 

(c) Beginning with the volume for the year 1912, the constants of 
precession, nutation, and aberration and the obliquity of the ecliptic 
adopted by the Paris conference of 1896 will be used instead of the 
Struve-Peters values of these constants which have been used hitherto 
in the body of the book, 

(d) The increased speed within recent years of vessels both of the 
navy and of the merchant marine makes necessary an incneased use 
of observations of the fixed stars and of the planets, especially in con- 
nection with Sumner's Method. In order to make such observations 
more convenient, a pamphlet containing monthly lists of bright stars 
and planets with their positions and other data for the year 1908 was 
prepared in the Nautical Almanac Office in November, 1907, and was 
issued in December to the ships of the navy, including the vessels of 
the fleet before it sailed from Norfolk, Va., on December 16. This 
was done by way of experiment, and if they are found to be of prac- 
tical value these monthly lists, together with certain auxiliary tables, 
will be incorporated in tlie American Nautical Almanac for 1912 and 
for subsequent years. 

Tliere have been received during the year from the Government 
Printing Office 904 copies of the American Ephemeris and Nautical 
Almanac for 1908, second edition: 3,500 copies of the American Nsu- 
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tical Almanac for 1908, second edition; 500 copies of Stars for Navi- 
gators for 1908 (supplement to the American Ephemeris and Nautical 
Almanac for 1908, first edition), and 1,550 coj)ies second edition; 
1,000 copies of the American Ephemeris and Nautical Almanac for 
1911, first edition; 500 copies of the American Nautical Almanac for 
1911, first edition. 

The distribution of the publications of the Nautical Almanac Office 
during the year is shown m the following table: 



lerlcsn Ephemerts and Na 
lericau Nautical AlmBiiac 

jonomicBl Papers 
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DEPARTMENT OF NAUTICAL INSTRUMENTS AND GENERAL STORE- 



The department was in charge of Commander T. D. Griffin, U. S. 
Navy, until August 8, 1907, when he was detached for duty as com- 
manding officer, U, S. S. Paducah; Commander A. G. Winterhalter, 
U. S. Navy, was in charge of the department from September 9, 1907, 
to May 17, 1908, when ne was detached and placed m charge of the 
Hydrographic Office. Assistant E. A. Boeger was in charge during 
the remainder of the fiscal year. 

The following is a brief summary of the work of this department 
during the fiscal year: 

Value of stock on hand July 1, 1907 (100,000.00 

Value of inatrumente, etc., purchaeed $18, 133.37 

Value of articlea received from navy-yarda, eto $126,209.83 

Value of articles issued $150,205.84 

Value of stock on hand June 30, 1908 $124,137.36 

Number of shipmente made 606 

Number of instrumenta, etc., shipped 6,698 

DEPARTMENT OP 0HRON0HETER8 AND TIME SERVICE. 

This department was in chai^ of Commander E. E. Hayden, U. S. 
Naw. 

The regular annual chronometer trial began January 6, 1908, 
and ended June 8, 1908. The total number of instruments under 
trial, the largest on record, was as follows: Thirty-five new chronom- 
eters, 38 new torpedo-boat watches, 103 old naval chronometers, 
14''old torpedo-boat watches, 6 chronometer watches, 4 comparing 
watches, and 7 sample watches of various types, a grand total or 
207. 

The accompanying tabular statements. Tables I, II, and III, 
give all the data^and results of the trial for those instruments that 
were received in time and that obtained a trial number of 25 or 
less. 

The regular work of the department in connection with the rating 
and issue of chronometers, the testing of new chronometers, watches, 
and clocks, 'and the sending out of the daily telegraphic time signals 
has been heavier than usual during the year. 
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The mean daily error of the noon signal for the year was 0'.054, 
the maximum error on any day being ^.36. 

In connection with the New Year's Eve telegraphic time signals, 
which were sent out as usual, it is of interest to note the fact that 
their apparent receipt at the Mare Island Navy- Yard 0'.36 too early 
resulted in a redetermination of the longitude of that observatoiy 
by the exchange of observers and telegraphic signals with Lick 
Observatory. The former accepted value, 8" 09" 05'.29, was thus 
changed to S*" 09" 05'.63 west from Greenwich. The close agree- 
ment of the error, 0'.34, with that indicated, by the too early receipt 
of our time signals 0^36, is a remarkable confirmation of the rapidity 
and accuracy with which our signals were transmitted across the 
continent by the Western Union Telegraph Company, which also 
sends them daily to all of the naval time-ball stations. 

COMPASa OFFICE. 

The personnel of the office has been as follows: From July 1, 1907, 
to March 18, 1908, Commander Thomas Snowtlen, U. S. Navy, super- 
intendent of compasses; from March 1 1908, to March 18, 1908, 
Lieut. Commander J. S. Doddridge, U. S. Navy, assistant; from 
March 18, 1908, to June 30, 1908, Lieut. Commander J. S. Dod- 
dridge, U. S. Navy, superintendent of compasses. 
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Of the accessions, 364 were received as exchanges and 283 were 

t>urchased. There were distributed 1,110 copies of the various pub- 
ications of the observatory. The routine work is up to date. 

The observatory has been much inconvenienced in its adminis- 
trative functions through the need of certain, usually considered 
necessary, works of reference. For example, owing to various deci- 
sions of the Comptroller of the Treasury, the observatory can not 
pay for the Directory of the District of Columbia out of any of its 
present funds. 

BUILDINGS, OIIOUNDS, ANU ROADS, 

Alt buildings except the main building are in good condition. 
An appropriation was made for the necessary repairs on the main 
building, and this work will be completed the coming fall. 

The roa<l8 have been kept in repair and 450 feet of new concrete 
walk has been laid. 

The high bank on Massachusetts avenue has been graded and a 
deep ravine on the north side of the grounds filled so as to make 
a new road of easy grade to Massachusetts avenue. 

The following improvements have been made in the sewerage 
system: All cesspools have been filled up and 1 ,400 feet of new sewer 
pipe laid and connecte<l with the District svstem. 
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SYNOPSIS OF THE REPORT 



SUPERINTENDENT OF THE UNITED STATES 
NAVAL OBSERVATORY 



FLSCAI. YEAR ENDING JUNE 30, 1909. 



Kear-Admiral W. J. Bamette, U. S. Navy, continued as Superin- 
tendent until his death on April 19, 1909. Capt. T. E. De Witt Veeder, 
U. S. Nftvy, assumed the duties of Superintendent on April 20, 1909. 

In March, 1906, the Secretary of the Navy issued the following 
instruction with regard to the methods, purposes, and scope of work 
of this institution: 

The following order of the Superintendent of the United States 
Naval Observatory, organizing the astronomical council and defin- 
ing its duties, together with certain features of the plan of astro- 
nomical work now in force there, are hereby established as a part of 
the administrative system of that institution. 

U, S, Naval OBSBRviTORT, 

Waskingtm, D. 0., July 29, 1908. 

Order. 

There is hereby formed an astronomical council composed of the following mem- 
bers: The Superintendent (ex officio), the AsBiatant Superintendent, such assietante in 
chaise of the aatronomical divisiona as the Superintendent may designate, and the 
Director of the Nautical Almanac. 

The council should be guided by the fact that the moet important astronomical 
duty of the Government is the publication of the Nautical Almanac, and as that is 
intended not only for the use of navigators, but also of astronomers in the most delicate 
invest^ations known to their science, it should be kept up to the highest attainable 
pitch of accuracy. To that end, continuous fundamental meridian observations 
upon the sun, moon, planets, and Rtars are absolutely necessary and constitute the 
aatronomical eBsentlals. 

The council shall advise the Superintendent on the following subjecte: 

1 . The coordination and cooperation of the work of the Department of Astronomical 
Observations and of the Nautical Almanac Office. 

2. Su^ested variations from the plan of aatronomical work prescribed by the reg- 
ulations. 

3. Methods to be used in the prosecution of the astronomical work. 

4. Condition of and changes proposed ill instrumental equipment. 

5. The assignment of the scientifif personnel to give the best possible results. The 
assignment uf coniputerv should be m made as to balance the work of the observers 
and computers, in order that observalions may be expeditiously published. 

6. The character and astronomical value of the obaervationa and their publication. 

7. Promotions, transfers, and tilling of vacancies. 

8. The yearly estimates for submiteion to the Secretary of the Navy. 

9. The expenditure of the appropriations for aatronomical and scientific purpoeee. 
10. A system by which the coat of any piece of work may be readily available. 
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2 UNITED STATES NAVAL OBSERVATORY. 

Of the above-enumerated eubjects, thoee relatiDo; to the Nautical Almanac Office 
ahall be considered firat by the director of that office, thoae relating to the Depart- 
ment of Astronomical Observations ahall be considered first by an executive com- 
mittee, and the conclueions of both shall be submitted to the council. 

There shall be lonned an executive committee of the council, consiflting of three 
heads of divisions of the Department of Astronomical Observations, to be designated 
by the Superintendent. 

The executive committee ehall have chaise of all editing and printing pertainii^ 
to the Department of Astronomical Observations, and in addition shall undertake 
any other duties which may be ass^ed to it by the Superintendent oi by the council. 

The executive committee shall audit the accounts of the observatory arising from 
the expenditure of ap^priations coming under the following subheads: Miscel- 
laneous computations, Department of Astronomical Observations; professional and 
scientific books; apparatus and instruments and for repairs of same. 

The heads of divisions of the Astronomical Department shall submit their monthly 
reports of progress to the Superintendent, and these shall be laid before the council. 

The council shall meet monthly, except in August, and at such other times as the 
Superintendent may direct. 

A clerk shall be detailed to act as secretary of the council and of the executive com- 
mittee, who shall keep minutes of each meeting in a book or other proper file. 

Should the Superintendent not act on the advice of the council, he shall give his 
reasons therefor, and they shall be entered upon the minutes, 

W. J. Barnette, 
Captain, U. S. Navy, and Superintendent Naval Observatory. 

The astronomical work of the Naval Observatory shall be so 
planned and executed as best to subserve the following purposes, 
and no others, to wit: 

To furnish to the Nautical Almanac Office, as far as may be possi- 
ble, such observations and such data as may be needed for carrying 
out the purpose of the law under which the appropriations for that 
office are made from year to year, which is as follows : 

and Nautical 

The principal work of the observatory shall be in the field of the 
astronomy of position as distinguished from astrOphysical work, 
and shall be the continued maintenance of observations for absolute 

fiositions of the fundamental stars and of stare which are to be made 
undamental, and in addition the independent determination by 
observations of the sun, of the position of the ecliptic, and of the 
equator among the stars, and of the positions of the stars, moon, and 
planets with reference to the equator and equinoxes. 

(Signed) Truman H. Newberry, 

Secretary. 

The duties of the institution have been so arranged, that it is 
believed entirely satisfactory results will be attained, while the opera- 
tions will move with a common purpose known to the entire staff. 
The council has held its regular meetings and special meetings for 
the consideration of matters requiring prompt action. 

DEPARTMENT OF ASTRONOMICAL OBSERVATIONS. 

DIVISION OP THE 6-INCH TRANSIT CIRCLE, 

This division was in charge of Prof. M. Updegraff, U. S. Navy, 
except for the firet four weeks of the fiscal year, when Prof. W. S. Eich- 
elberger, U. S. Navy, was in charge. 
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UNITED STATES NAVAL OBSERVATORY. 3 

The Board of 1908 on Plan and Scope of Work submitted: 

That the Superintendent be advised to have the pivots of the 6-inch tranait circle 
reground, and the divided circles put in good condition, if poasible without redivision, 
- - ^ 'o have euch other repairs made as may be found to be necessary to put the in- 
'■■■''' tal w ■■■■'■■ ■ 



etniment in eood condition for fundamental work in both right ascension and decli- 
nation in order that the instrument may be thoroughly and exhaustively tested for 
its fitness for such work. 

In August, 1908, the instrument was dismounted and sent to 
The Warner & Swasey Co. for the work recommended. It was 
necessary to take off about 0.006 incites of the diameter of the pivots 
in order to remove all traces of rust spots. The pivots were then 
tested and found to be so regular in form as to be highly satisfactory. 
By January, 1909, the whole instrument was returned and mounted 
in the following month. 

In addition to the above-mentioned repairs. Circle B was so fitted 
on its bearings on the axis that it can be conveniently rotated, but 
is at the same time held in position with sufRcient firmness by fric- 
tion. This arrangement has been found to be very satisfactory. 

The holes in the pivots were enlarged from 1 to 1^ inches in diam- 
eter, and an axial collimator lens of 1^^ inches clear aperture was 
provided. Numerous minor improvements in the instrument were 
made. 

While the instrument was undergoing repairs, the brick piers were 

Eainted with two coats of asphalt varnish and covered with two 
lyers of asbestos felt. They were then incased with cherry boards, 
dressed, tongued and grooved, and seven-eighths of an inch thick. 
This casing was fastened to, and is supported by, the piers them- 
selves, and is separated from the floor of the building by a clear space 
of about one-fourth of an inch, which space is closed with felt weather 
strips to prevent circulation of air. 

The silver strip, which is inlaid in the steel circjes, and which bears 
the divisions, had become corroded by rust from the steel and was 
disfigured by a number of scratches, which in a number of cases 
affected the divisions. These circles were gone over and the damage 
repaired as far as was practicable. 

The contact points of the transit micrometer, which had been too 
close together were changed so that the signals on the chronograph 
made in the observation of a star on the equator are 0'7 apart. 
There are 10 such signals, the middle being shown by a double space 
for the purpose of identification. It may be mentioned here that in 
June, 1909, the transit micrometer was returned to The Warner & 
Swasey Co, for rearrangement of the reticule of fixed wires, in order 
to make it convenient for observations of the sun, the moon, and the 
stars. In addition to this, repairs of the reticule which had become 
necessary were made. 

The illumination of the field of the 6-inch transit circle, which had 
been changed in the year 1901 so as to illuminate the field by light 
reflected from a mirror cemented on the inner surface of the object- 
glass, was changed again a few years ago, the mirror being placed 
on the outside of the object-glass.- After many futile attempts 
to adjust the illumination and make it satisfactory with this 
arrangement, it was found to be necessary, in March, to change 
back to the mirror on the inside of the object-glass. The light 
reflecte<l from the mirror on the oujside of the object-glass formed 
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into an image in passing through in auch a way that the diaphragm 
which regulates the brightness, instead of moaifying the brightness 
of the general illuminatioD, cut the light off from a portion of the 
field, leaving the remainder bright. The illumination of the field is 
now satisfactory and can be easily and quickly adjusted from great 
brilliance to total darkness. 

The telescope was found to be imperfectly balanced, the object- 
glass end being too light, and on May 11a lead weight weighing 4| 
ounces was fastened inside the object-glass end of the tube. 

In June, when an attempt was made to bring the vertical colli- 
mator apparatus into use, it was found necessary to shorten the tube 
of the telescope by 2 inches in order to focus it. 

The errors of the instrument have been partially investigated in 
the process of determining the fitness of the instrument for funda- 
mental work, as required oy the resolution of the Board of 1908 on 
Plan and Scope of Work, quoted above. 

The spherometer caliper measures of the pivots have shown their 
form to be satisfactory, and the difference m size between the two 
pivots has been found to be inappreciable. The result thus found, 
as to the regularity of the form of the pivots, is confirmed by an 
elaborate series of observations with the axial collimator, by four 
observers. This work indicates that the axis of the instrument suf- 
fers no displacement, as the telescope revolves, which is large enough 
to cause any appreciable error in the observations in right ascension. 
The enlargement as noted above of the clear aperture of the axial 
collimator lens has improved the definition and hence the accuracy of 
the apparatus. 

Two of the microscope micrometer screws have been investigated 
for periodic errors with the Transit of Venus measuring engine and 
the errors found are small. It remains to investigate the other 
screws. 

The errors of the 15° lines of both divided circles have been 
very carefully measured by the method of comparison and will serve 
as a basis for determining the errors of other divisions of these circles. 
The results on the 15° lines are as follows: 
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The telescope of this instrument is subject to a change of focus with 
temperature, which has been carefully observed, ana the focus has 
been adjusted when change of temperature has made it necessary. 
However, no serious inconvenience or error in the observations has 
resulted from the change of focus which has occurred. It seems prob- 
able that the adjustment of the focus of the telescope will not be 
' needed oftener than two or three times a year. 

The nadir point and the constants of azimuth, level, and collima- 
tion of the instrument are steady to a satisfactory degree. The in- 
strument was adjusted in azimuth and level for the last time, as far 
as is known, in tne year 1902. When the instrument was mounted 
last February these constants were found so small that no adjust- 
ment was necessary, 
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In the observations of stars, as in the investigation of the errors of 
the instrument, the plan for fundamental work as formulated by the 
Board of 1908 on Plan and Scope of Work above mentioned is being 
carried out. 

The observations of stars which have been made are given in the 
following table: 

iDclination Btare 60 

Polaris U.C 24 

Polaris L.C 34 

Circumpolar fitara other than Polaris for azimuth 39 

Fundamental stars near autumoal equinox (10 in group) 290 

Other etars from American Ephemens and Newcomb's Fundamental C^tali^rue. 1,473 

Total number of obBervations 1,920 

Twenty observations of Polaris U. C. and L. C. twelve hours apart 
have been made. 

The reduction of these observations is practically up to date, but 
little has been done in discussing them. 

The following probable errors have been deduced from observa- 
tions made from March 15 to March 22: In right ascension, with the 
new transit micrometers, +0'020 sec.i; in declination for Circle A, 
+ 0"27; for Circle B, + 0"64. The lai^e probable error of Circle B 
is mainly due to the effect of division errors, which will be removed 
when the corrections for division errors are applied. 

It is expected that very soon the efforts of the staff of this division 
may be wnolly devoted to the fundamental work which is the duty 
to which it is expected to assign this instrument. At a meeting of 
the council of June 23, 1909, was considered a plan of work for the 
fiscal year 1910, and it was recommended: 

That the report of the Board of 190S on Plan and Scope of Work should be followed 
out; "the instrument to be put in good condition for fundamental work in rk^ht 
aacension and declination, to t>e thoroughly tested for its fitneas for such work, and if 
found suited lo it to be continuously employed in fundamental work on the sun, stars, 
and such other objects as may be considered desirable;" that these observatione 
should be conducted tor a year, the reeulta reduced and compared with one another 
and the standard catalogues of precision; that azimuth and latitude be determined 
morning and evenins from successive culminations of the same stars; that reflection 
observations be made in both right ascenaion and decliuation; that the flexure be 
determined at frequent intervals by horizontal and vertical collimators; that the 
division errors be determined; that durii^ this year the aim should be not Ui accumu- 
late a great number of observations, but to demonstrate the ability of the instrument 
to do nret-claee work in accordance with the plan proposed. 

THE CLOCK VAULT. 

This was in chaise of Prof. M.Updegraff, U. S. Navy, fpom Juh^ 28, 
1908, it having been in chaise of Prof. W. S. Eicnelbei^er, U. S. 
Navy the first four weeks of the year. Mr, Hammond, assistant 
astronomer, has been in immediate charge since October 3, 1908. 
Close attention to and intelligent consideration of the difficulties 
which had prevailed to cause fluctuations in the temperature have 
removed thesetroubles and secured practically aconstantteroperature. 
The performance of the clocks in the vault is excellent. There has 
been no inconvenience from dampness or humidity in the vault, and 
no damage to the mechanism of the clocks has ever resulted from this 
cause, whether inclosed in air-tight cases or not. 
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DIVISION OF THE 9-INCH TRANSIT CIRCLE. 

This division was in charge of Prof. F. B. Littell, U. S. Navy, 
from October 1, 1908. For the first three months of the year the 
instrument was in charge of Prof. W. S. Eichelberger, U. S, Navy. 

The Board of 1908 on Plan and Scope of Work recommended 
for this instrument as follows: 

Continuation of the seriea of observations now being carried on UDtil finished. If 
the 6-inch is found t« be suitable for the fundamental work for which it was designed, 
the 9-iuch should be used tor differential work in observing the moon and p&neta 
and fainter stars. 

The board is of the opinion that it is advisable to leave to the future a final decision 
aa to the instruments to be used for the sun, moon, and planet work, but that unless 
later developments should make it seem inadvisable, toe transit circles should be 
employed as indicated above. 

The work of the determination of the right ascensions and decli- 
nations of the sun, moon, planets, and of the stars of Newcomb's 
Suggested List of Fundamental Stars was accordingly continued 
up to May 1, 1909. 

On the 29th of April, 1909, the council recommended that the 
sun, moon, and planet work of this instrument should be done 
in such a way that it may be reduced fundamentally as well as 
differentially. Since this date the work has been done accordingly. 

The report of the Superintendent for June 30, 1908, gives ten 
months, or until May 1, 1909, to complete the desired observations 
of the stars in Newcomb's Su^ested List of Fundamental Stars. 
When this date arrived it was found that the instrument had been 
used clamp west and that it would be good practice to secure cer- 
tain possil>le eUminations by continuing tliese observations for 
another year clamp east. The work is therefore proceeding. 

On June 23, 1909, the council recommended tne following plan 
of work for this instrument for the fiscal year 1910: 

Observations of sun, moon, planets, reference stars, and certain clock stars of New- 
comb's list, so made as to be reduced fundamentally as well aa differentially. The 
aun, moon, and inferior planeta to be observed every day when possible, except 
Sundays and holidays, when the sun and planets may be omitted, and also the moon 
when it culminates between 8 a. m. and 5 p. m. The superior planets to be observed 
at least 15 times when culminating between 2 a. m. and 10 p. m., the observations 
to be distributed with approximate symmetry with respect to the date of opposition. 
Mara to be observed 20 times between 3 a. m, and 9 p. m. Necessary observations 
for investigating instrument to be continued. 

During the year observations have been made with screens for 
personal equation for magnitude, of zenith stars in reversed posi- 
tions of the observer's body for bisection errors and errors due to 
direction of motion, and of reflected stars in zenith distance for 
flexure determination. The flexure has also been determined by 
the use of the horizontal and vertical colUmators. Various bisec- 
tion errors of the observers have been investigated by means of 
reversing prism eyepieces. The pivot irregularities have been meas- 
ured by means of an improved axial microscope, and it has been 
shovni that they are probably much smaller than the previous meas- 
ures have indicated. 

The division errors of 20 lines of the circle were redetermined and 
compared with the previous values. In general the agreement 
was fairly good, but in some instances there seemed to be evidence 
of change. 
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In January a determination of the micrometer screw value at low 
temperature was made. 

The instrument was used clamp west until May 1, 1909, and clamp 
east since that date. The numwr of observations is as follows: 

Standard stare 3,643 

Screen atara 393 

Zenith Btare 339 

Reflected stare 134 

Sun 171 

Moon 138 

Mercury 75 

VenuB 101 

Jupiter 16 

Saturn 15 

Uranus 14 

Neptune 16 

Total 5,054 

The apparent declinations, except corrections for division errors, 
flexure, and variation of latitude, are completed to August, 1908, and 
nearly completed to Januai^, 1909. In right ascension the clock 
corrections have been applied to November, 1906, and they are 
adopted and ready for application to April, 1908. 

THE NEW CLOCK VAULT. 

The work of constructing this vault has proceeded to completion. 
It was in charge of Prof. F. B. Littell, U. S. Navy. It is not expected 
to use it at present. 

DIVISION OF THE EQUATORIALB. 

* This division was in charge of Prof. Asaph Hall, U. S. Navy, 
from July 28, 1908, to the end of the fiscal year. For the first four 
weeks of the vear Prof. W. S. Eichelbereer, U. S. Navy, was in charge. 
The work of the two instruments in tnis division, as recommended 
by the Board of 1908 on Plan and Scope of Work, is as follows: 
S6-inch equatorial. 

Observations of satellites and measures of diaroetere of planets. 

Observations for stellar parallax. 

Observations of positions of minor planeta and comets. 

Observations of occultations of stars by moon. 

MiscellaneouB work such as maybe decided upon; as, for example, physical observa- 
tions of the planeta, observations of double stare, nebuisp, clustere, and variable state 
at their minima. 

IS-inth equatorial. 

Observationa of occultations of stars by the moon. 
Observations of comets and the brighter asteroids. 
Observations of variable stare. 
Visitors. 

The work done is as follows : Observations of — 

VI satellite of Jupiter 6 

Satellites of Satum 118 

Satellites of Uranus 31 

Satellite of Neptune 27 

20 asteroids 92 
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8 UNITED STATES NAVAL OBSEBVATOBY. 

Occultations of stars by moon 22 

Diameters of Jupiter 18 

Diametera of Neptune 17 

Star Boseert 1018 for parallax 6 

Arc in Pleiades for micrometer screw 22 

Position ot instrument 20 

On April 29, 1909, the council recommended that the printing of 
the Equatorial Volume be proceeded with, the copy being then 
ready for the printer. This volume is No. VI, Navtil Observatory, 
Second Series, and contains the work of the equatorial instruments 
from 1893 to 1907, inclusive. The printing fund of the Navy Depart- 
ment having been exhausted, it was found to be necessarv to let the 
printing go over until the fiscal year 1910. The work is of high value 
and shoiild be published as soon as possible. 

Three orbits and three ephemerides of asteroids have been com- 
puted during the year by Mr. Frederickson. 

The observations of the satellites of Uranus have been compared 
with the data of the Connaissance des Temps. The observations of 
Neptune's satellite are being worked up, to determine corrections 
to the elements of the orbit. 

As indicated by the suDimary of observations, considerable atten- 
tion has been given to the examination of the value of the micrometer 
screw. ■ A lai^e number of determinations have been made, also, of the 
position of the instrument and of the different flexures. 

The reductions of the observations made on the equatorials, accord- 
ing to the tables issued by the Observatory, are practically up to date. 

On June 15 the council recommended the following plan of work 
for the 26-inch and 12-inch equatorials for the fiscal year 1910: 

S6-inch equatorial. 

Mara: In opposition September 23. Observe satellites and diameters of the planet. 

Probably some physical measm'ements like changes in polar cap. August 15- 

October 15. 
Satum: In opposition October 13. Satellites and diamet«rB of the ball and rings. 

Of late years it haa been the custom to observe the satellites with respect to one 

another. The following combinations have been made: Mimae-Tethys, Dione- 

Rhea, Mimas-Rhea, Rhea-Titan, Eneeladus-Tethya, Titan-Hyperion, Tethys-Dione, 

Titan-Japetus, Tethys-Rhea. August 15-November 15. 
Uranus: In opposition July 11. Two outer satellites, two inner satellites if possible. 

Diameter of planet. July 1-August 25, 1909-May 15-July 1, 1910. 
Neptune: In opposition January 8. Satellite and diameters of planet. November 1- 

March 10. 
Jupiter: In opposition March 30. Satellite VI, more of faint satellites if possible. 



planet. February 1-May 15. 
Halley's comet: To begin a long series as soon as the comet can be observed, observa- 
tions to extend over, perhaps, six m6ntha {January 1-June SO?). 
Occultations ot stars by the moon. 
Eros: (Opposition about May 28, 1910.) 
Asteroids: Three to five observations each of such as may be required. 

S"„s.-..r,'' } '•' -^ «■•'= »■»■ i» "»•■ 

With the above, observations are to be made for value of the micrometer screw, 
position of the instrument, flexures, etc. 

!g-inck equatorial. 

Occultations of stars by the moon. 

Brighter asteroids: Three to five observations each of such as may be required, 
Some investigations of instrumental constants, value of micrometer screw,, etc.. 
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DIVISION OF THE PRIME VERTICAL. 

This instrument has remained in charge of Assistant Astronomer 
G. A. Hill and has been used steadily in the work of obtaining the 
aberration and nutation constants and the variation of latitude. 

The Board of 1908 on Plan and Scope of Work recommended the 
work of this instrument aa follows: 



Observati 
Observati 
Obaervati 



n of latitude. 
e for aberration and 
la for declinations of 



The work done is as follows: 
ObservatioDB of 16 stars divided i , 

from daylight in tbe morning through the ni^ht u 
a Lyras haa been obaerved at every opportunity. 

ODBervations have been made during the year. 

A very thorough examination of the form of the two pivots of the 
instrument has been made by Mr. Frederick and the observer in 
charge, using for the purpose an axial microscope. This apparatus 
consisted of a hand magnifier of IJ-inch focal length, fastened to 
a tube 39 inches long, and to the latter a filar micrometer was 
attached. By proper iron support the above was fastened to the- 
south stone pier, on which the instrument rests, the axis of the 
microscope being placed coincident with the axis of the instrument. 

A piece of glass was fastened to the end of the pivot to be measured 
and on this glass was deposited globules of mercury of about one ten- 
thousandth of an inch in diameter and then covered with crude 
balsam. At the opposite pivot an electric lamp was placed, which 
passed a beam of light axially through the entire instrument, A 
certain spot of mercury was selected on the plate and then the latter 
moved so as to bring the spot into practically the center of the field 
of the micrometer eyepiece. 

The microscope used magnifies about 300 diameters and settings 
on the spot were made at 10° intervals, both in a horizontal and a 
vertical direction, through a revolution of the instrument. 

From a discussion of the measurements made it has been found 
that the whole rai^ of the quantities secured does not exceed 0.26 
of a second of arc and that the range in the level corrections within 15° 
of the zenith, the part of the pivots resting in the wyes when observa- 
tions are made, is less than 0.08 of a secondof arc. 

For the purpose of comparing the variations of latitude obtained 
at this observatory with thtfse secured at stations in the immediate 
vicinity, the published results at Philadelphia, Cincinnati, and Gaith- 
ersburg, which were secured with the zenith telescope, have been 
plotted on ruled paper. The latitudes secured with the prime 
vertical transit instrument have also been plotted thereon for the 
purpose of studying the curve that will best represent the variation 
of each. 

An inspection of these four curves indicates, in certain parts, that 
the numerical value of the variation and its phase do not correspond 
ajid that the two forms of instruments give different values. The cause 
for this difi'erence in the variation of latitude between the two forms 
of instrumept, has been carefully searched for in the prime vertical 
observations and it can not be found. The constants used in reduc- 
ing, the prime vertical transit observations have beeijL e:^amined with 
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extreme care. Both pivots upon which the instrument rotates have 
been measured with precision, and they are both practically true 
cylinders and an appreciable error of level does not obtain in their 
form. 

The average probable error of a. single latitude determination is 
±0",108 for the 16 stars used in obtainmg the latitudes. 

On June 15 the council recommended the following plan of work for 
the prime vertical transit: 

Observations of tout groupa of four atara each for variation of latitude and aberration 

and nutation constante. 
ObservatioDB for declination of etara. 

DIVISION OF THE ALT-AZIMUTH, 

This instrument has been in charge of Prof. F. B. Littell, U. S. 
Navy. As before reported, it was dismounted in July, 1907, and 
sent to The Warner & Swasey Co. for repairs. It was not returned 
until April of this year (1909). 

The Board of 1908 on Plan and Scope of Work recommended for 
this instrument as follows: 



The work done covers the reduction of the 5,400 observations 
secured from 1903 to 1907, which is nearly complete. The reduction 
of the 2,500 observations secured before 1903 has been barely started. 

The repairs made to the instrument covered the regraduation of 
the vertical circle on a strip of gold-silver and the regrinding of the 
pivots. In doing this last the eccentricity of the circle, which had 
been inconveniently large, was considerably reduced. Examination 
of the pivots by the spherometer caliper shows them to be very nearly 
perfect. 

New scores were cut and new threads inserted in the microscopes. 
Besides the two sets of double threads, distant two and a half minutea 
from each other, used for the regular work, others are provided at dis- 
tances of two minutes and ten minutes, respectively, for convenience 
in division error work. 

The microscopes do not give as good definition as they should, and 
it is recommended that new objectives be secured. The power of the 
microscopes should be higher also. 

On June 15 the council recommended the following plan of work 
for 1910: 



WASHINGTON ZONE CATALOGUE, 1846-1852, 

The work of the Washington Zone reductions has been carried on 
by Prof. W. S. Eichelbei^er, U. S. Navy. 

The reductions of the 7,000 unpublished observations of 1847, 1848, 
1851, and 1852 have been completed; the observations have been 
copied on cards, and the zone corrections have been determined and 
applied. 

The rereduction of all the pubhshed transits has been finished. 

In order to avoid the introduction of a systematic error due to the 
motion of the solar system from the date of observation of the ^nes 
to that of the Cordoba Gieneral Catalogue — the catalogue used for the 
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detennin&tioii of the zone corrections — the systematic differences 
between the Cordoba General Catalogue and the Cape Catalogue, 1850, 
were determined and applied to the Washington observations. 

The first five hours of right ascension are ready for the formation of 
the printer's copy. It is expected to have the entire work ready for 
the printer before the next annual report. 

ROUTINE COSIFUTATIONS AND PROOF READING, 

This work has been carried on in charge of Miss Lamson, assistant. 

It comprises the miscellaneous work in the reduction of observa- 
tions made with the 9-inch transit circle, the 26-inch equatorial, and 
the alt-azimuth instrument. Additional work has also been done on 
the Astronomische-Gesellschaft Zone Catalogue, the Washington Zone 
Observations, and other incidental work. 

PHOTOGRAPHIC WORK. 

This work has remained in charge of Assistant G. H. Peters. 
The Board of 1908 on Plan and Scope of Work recommended: 



Work in cooperation with 26-iDch equatorial. 

The following work has been done: Solar photographs taken on 
one hundred and seventy-seven days with the photoheliograph. The 
photographic telescope has not been in continuous use, owing to 
improvements which are now in course. During the year 26 photo- 
graphs have been made with it, including asteroid fields and comet 
Morehouse (1908 C.) . Mr. Peters is engaged in the labor of construct- 
ing a pair of astronomical photographic objectives of about 10 inches 
aperture and 110 inches focal length, to take the place of the camera 
now mounted on this telescope. 

On June 1 5 the council recommended the following plan of work 
for 1910: 

Photi^japh ot aun — photoheliograph. 
Photi^fraphs of asteroids when reiiuirod— photo telescope. 

Work on new leoBcs — photo telescope, and completion at earliest possible date. Defin- 
itive positions of objects photographed when completed. 

ASTRONOMISCHE GESELLSCHAFT ZONE CATALOGUE —13° 50' TO 

-18° 10'. 

This catalogue has been printed and distributed by the Astron- 
oinische Geselischaft of Leipzig, Germany. The catalogue contains 
8,824 stars observed by Prof. A, N. Skinner, U. S. Navy (retired) 
on the 9-inch transit circle, 1894-1905, and forms the fourth vol- 
ume of the second division of the catalogue of the Astronomische 
Geselischaft. 

Professor Skinner was engaged until the time of his detachment, 
June 30, 1909, in preparing material to be used in discussing the 
proper motions of the stars in this catalogue. All of the observa- 
tions in other catalogues have been brought up to 1900.0, and the 
only comparisons still to be made are those with the Washington Zone 
observations 1846-52. These comparisons can not be made until the 
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DEPARTMENT OF THE NAUTICAL ALMANAC. 

The almanac has continued under the direction of Prot. M. Upde- 
graff, U. S. Navy. 

The preparation of the American Ephemeris and Nautical Ahnanac 
for the year 1912 is nearly complete, and the volume will be ready 
as soon as the printing can be done. The volume will contain about 
700 pages. The following changes in the Ephemeris for 1912 will be 
made in addition to those mentioned in the last annual report: 

1. Provision will be made for correcting the ten-day ephemendes 
of stars for the short-period terms of the nutation, and tne number 
of stars will be increased from 383, in previous issues of the Ephem- 
eris, to 825, of which 800 are stars whose apparent places are given 
for every ten days and the remaining 25 consist of 15 northern and 
10 southern circumpolar stars whose apparent places are given for 
the upper transit at Washington for eVeiy day in the year. 

2. Improved tables will be given of the positions of the brighter 
sateUites of the planets for the convenience of observers, 

3. A series of tables for latitude and azimuth from Polaris will be 
given for the use of navigators, surveyors, and astronomers. 

4. The pamphlet entitled "AList or Stars for Navigators," referred 
to in the last annual report, has proved to be useful for the purpose 
for which it was intended. It has been prepared for the year 1909, 
and added as an appendix to the American Nautical Almanac for 
that year. It will oe enlarged and improved as issued for the 
year 1912. 

The preparation and pubhcation of the Ephemeris for 1912 has 
been delayed in making the numerous changes needed; but it is hoped 
that the volume will be distributed before the end of the calendar 
year. 

The publication of Volume IX of the Astronomical Papers of the 
American Ephemeris has been still further delayed by deficiency in 
the printing fund of the Navy Department. 

The work being done by Prof. Simon Newcomb, U. S. Navy 
(retired), in cooperation with this department, as mentioned in the 
last annual report, has been completed and is ready for publication 
as a part of Volume IX of the Astronomical Papers, and is entitled 
"Researches on the Motion of the Moon." The eclipses for 1912, as 
published in the American Ephemeris and Nautical Almanac for that 
year, will be computed with Professor Newcomb's corrections to the 
position of the moon. 

The investigation of the planet Mars has been discontinued tem- 
porarily on account of the pressure of routine work. 

The records show that the distribution during the past twenty- 
seven years of the Astronomical Papers of the American Ephemeris, 
which have been published, has been irregular and unsystematic, 
resulting in many incomplete sets of that publication in the hbraries 
of this country and of Europe. It has been discovered that there 
are in the possession of the superintendent of documents, Govern- 
ment Printing Office, and held for sale, a considerable number of 
these books. On account of lack of storage room and the small 
demand at the price charged for them, the Public Printer has had 
under consideration the destruction of these books as useless. In view 
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of these circumetaucesj information is being collected for the purpose 
of effecting their distnbution to libraries for the completion of sets, 
and also, m so far as they may be available, to educational institu- 
tions and individuals. The superintendent of documents has signi- 
fied his willingness to transfer the books for that purpose. 

There are afeo available for distribution several hundred copies of 
a kupplement to the American Ephemeris and Nautical Almanac for 
, 1887, bound in cloth, entitled The Elements of the Four Inner 
Planets, and the Fundamental Constants of Astronomy," by Simon 
Newcomb, which is being distributed free as opportunity offers, to ■ 
libraries and to individuals. 

DEPARTMENT OF NAVY COMPASSES. 

Lieut. Commander J, S. Doddrige, U. S. Navy, has continued as 
superintendent of compasses. It is recommended that an assistant 
be assigned to this department. There is need for a new compass 
maiiual. The supply of material for the fieet has been maintained. 



This department was in charge of Assistant E. A. Boeger until 
September 23, 1908, when he was relieved by Commander B, W. 
Hodges, U. S. Navy, who remained until May 20, 1909, when he 
was detached. The department was then taken in charge by 
Commander E. E. Hayden, U. S. Navy. 

Shij/menla made and stock on hand. 



FIWBl year ending June 30— 
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m 


S21.17 


93 
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DEPARTMENT OF CHRONOMETERS AND TIME SERVICE. 

This department has remained in charge of Commander E. E, Hay- 
den, U. S. Navy. 

The usual chronometer trial was carried on between January 4 
and June 8. The accompanying tabular statements, Tables I and 
II, give the data. 

The usual work of the department in the rating and issue of chro- 
nometers and the sending out of the daily telegraphic noon signals 
proceeded as heretofore. The mean daily error or the noon signal 
lor the year was 0^05, and the maximum was 0"32. 

A special telegraphic time signal was sent out from this observa- 
tory at 12-33-34 a. m., December 22, 1908, by special request, to 
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mark the instant when the sun turned north in decHnation. It was 
transmitted by telegraph and wireless throughout Alaska, in order 
to signal the welcome northward motion of the sun and the approach- 
ing end of winter. 

The New Year's Eve signals were sent out as usual, at midnight, 
1, 2, and 3 a. m., to mark the exact instant of the beginning of the 
new year in each of the great standard time zones of the United 
States. They were transmitted also aa far as Buenos Aires, Aus- 
tralia, Honolulu, Guam, Manila, and Japan. 

LIBBARY. 

The Ubrary has remained in charge of Mr. Wm. D. Horigan, libra- 
rian. The space at present available is insufficient and, to remedy 
this in a measure, it is expected to examine the contents with a view ■ 
to the witlidrawal of matter of no direct value to this institution, 
and of matter the prospective use of which ia highly improbable, and 
which may be had from the Navy Department and other liberies 
in this city should necessity arise. The mass of the withdrawals to 
be considered are publications of departments of the Government. 



Of the accessions, 360 were received as exchanges and 211 were 
purchased. There were distributed 1,151 copies of tlie various publi- 
cations of the observatory. 

The routine work is up to date. 

BUILDINGS, GROUNDS, AND ROADS. 

The buildings require painting and repairs to roofs, gutters, and 
other incidental repairs, due to wear and tear. 

The roads need extensive repairs and the walks some considerable 
repairs. Some new walks are necessary. The grounds require much 
work to put them in good condition, this particularly on the lawns. 

All of this work will be commenced with the new fiscal year and 
will be carried on so far as funds will permit. 

During the past fiscal year the following work was done: Laid 400 
feet water connection; 500 feet sewer pipe from dormitory; 900 feet 
underground conduit for electric wires; 500 feet concrete walk; 
graded hill north of Superintendent's quarters; redressed road from 
main building; filled in gully on Massachusetts avenue with 10,000 
cubic yards earth; made 500 feet new road from north entrance 
Massachusetts avenue; laid 900 feet of gutters and 300 feet of 12-inch 
sewer pipe to drain new road; graded southeast of bams; filled an 
unused well. 

In the matter of the property lying within the observatory circle 
not yet acquired by the Government, there are two pieces, one of 
1.732 acres oelonging to the Normanstone property, and the other of 
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6.764 acres belonging to the District of Columbia and occupied by the 
Industrial Home School. The condemnation proceedings for the 
acquirement of the piece of 1.732 acres is yet before the court, but 
I learn that it is expected to finally pass upon the questions involved 
in October of this year. Upon the decision of the court will depend 
what action may be necessary to carry out the provision of the joint 
resolution of Congress, approved August 1, 1894, looking to the pur- 
chase of the property or which this piece forms a part. There is 
held available in the United States Treasury for the purchase of this 
piece of land $15,089.18. The transfer of the Industrial Home School 
property from the District of Columbia to the United States awaits 
the necessary appropriation by Congress, the sum involved being 
$184,404, for which 1 recommend that Congress be asked to make 
appropriation. 
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SYNOPSIS OF THE REPORT 



SUPERINTENDENT OF THE UNITED STATES 
NAVAL OBSERYATORY 



FISCAL YEAR ENDING JUNE 30, 1910. 



In general it may be stated that good progress has been made, 
although the failure to complete the investigation of the 6-inch 
transit circle as expected is the cause of some disappointment. 
When the instrument shall have been fully investigated, as is ex- 
pected in the course of a few months, if found fit for fundamental work, 
meridian work will be pursued with a sufficient force to secure lai^ 
results, while keeping the reductions up to date. 

The present period of restricted number of observations is being 
utihzed to bring up back work and to effect such repairs and changes 
in the instruments as are needed to-day. Under the several head- 
ings following in this report will be found more definite statements of 
reductions made and of the condition of the different instruments. 

The continuance of the operations of the council shows good results, 
which will improve as the members become accustomed to the con- 
sideration of matters in general and realize fully the necessity of 
• painstaking individual examination of matters presented. 

While no definite understanding has been arrived at, it seems fitting 
that mention should be made in this report of the attitude of this 
institution in respect to the scheme of the International Permanent 
Committee for the Photographic Execution of the Chart of the 
Heavens, of which M. Baillaud, of the Paris Observatory, is the presi- 
dent. This may be best shown by the following reply to the com- 
mittee's communications, sent by the Naval Observatory to M. 
Baillaud : 

I have already acknowledged the receipt of yont letter o[ August, 1909, together 
with incloBures, and now ackiiowle<^ the further receipt of a package of paperg, all 
pertaining to the piopoeed plan for the international obaervation of the stars (or use 
in reducing photographic observatioos of the photographic chart of the aky. 
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All ot these papers hare received the cueful consideration of the Council ot this 
Observatory, and I present now the concluBions bo far M may be definitely mode at 
ttua moment in regard to the attitude of this Inatitution. 

It is believed to be impracticable at present to use other than the historical fuuda- 
mentsl stars as standards. The list which it is expected will be observed here fuodo- 
mentally on the meridian circle for several years to come comprises nearly all the 
important historical fundamental stars. Such additional stars of this claee as might 
be agreed upon by the International Committee might be added to this list without 
unduly extending it, and this matter vrill receive careful consideiation if the Com- 
mittee shall deem such additional observations here to be desirable. It is assumed 
that this might cover the stars in the lists of 343 and 1,069 stars. 

The proposition to observe the 1,339 stars of Doctor Backlund's list would so extend 
tiie observing list as to postpone the completion of the work here by several yean. 
However, aft«r the standard stars above referred to have been satisfactorily observed 
ftnd determined, consideration might then be given to the proposition to observe 
the list proposed by Doctor Back) und. It is the desire.of this observatory to cordially 
cooperate in the work of improving the positions of the historical standard stars. 

In r^ard to the observation of the intermediary stars, it is thought Hint more definite 
information should be awaited before deciding what can be done here. 

I have the pleasure to acknowledge on behalf of this observatory the action of the 
Committee in constituting its Superintendent a member of the International Com- 
mittee. 

Before making any agreement as to the proposition in its final 
shape, its terms will be submitted to the Navy Department for its 
sanction, as required by article 12 of the regulations for the govern- 
ment of this observatory. 

It has long been contemplated to assemble as a museum the instru- 
ments no longer in use, some of which have been packed away for 
fifty years. Opportunity offering to carry out this plan, the dome 
room on the second floor of the main building has been utilized for 
this purpose. The following instruments are already set up in whole 
or in part, or are about to be set up, wooden piers being provided as 
necessary: 

One mural circle, made by Troi^hton & Sims, of London, in 1843. 

One refraction circle, made by Ertel & Son, of Munich, in 1S46. 

One meridian circle, made by Repsold & Co., of Hambu^, in 1850. 

One 5-inch equatorial, made by A. Clark & Son, of Cambridgeport, Mass., tor 
observing the transit of Venus in 1874. 

One coelostat, roade by A. Clark A Son, of Cambridgeport, Mass., for observing the 
transit of Venus in 1874. 

One coelostat, made by Wm. Gaerlner, ot Chicago, for the solar eclipse of 19(Ki. 

One universal instrument, made by Ertel & Son, of Munich, in 1846. 

One surveyor's transit, made by Richard Fatten & Son, of Baltimore. 

One dip circle, made by Kent, of London. 

One stellar compass and great circle course projector, invented by Captain Lawless, 

One recording inclinometer, invented by Lieut. W. E. Edge, R. N. 

One patent ccanpase, invented by J. Peichl. 

One compass, made by Elliott Brothers, of London. 

Onejnagnetometer, made by Elliott Brothers, of London. 

One electric chronograph and clock, invented by Prof. John Locke in 184G 
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Department of Astronomical Observations. 

THE division OF THE 6-lNCH TRANSIT CIRCLE. 

Thig division was in chaise of Prof. M. Upd^raflf, U, S, Navy, 
until June 16, 1910, when it was turned over to the chaise of Prof. 
F, B, Littell, U. S, Navy, and remains in his charge. 

The recommendation of the board of 1908 on plan and scope of 
work in regard to this instrument, mentioned in last year's report, 
has been followed, and it is expected that by the end of this calendar 
year will have been complied with. 

The investigation of the microscope micrometer screws has not 
been continued, but this will be accomplished at a convenient moment 
in the near future. 

During the year the division errors of the degree lines of circle 
A have been determined at a high temperature in summer and at 
a lower temperature in the winter and spring. The results of the 
two series of measures agree fairly well, the average probable error 
of the mean of the two determinations of each 5° line being 0".046 
and of the mean of the intermediate degree lines 0".069. In addition, 
the division errors of the 5° lines of circle B were determined, and of 
the 10' lines for 13 scattered arcs of 1° on circle A, and the 2' hnes 
for two arcs of 20' on circle A. The errors of the 2' lines are periodic 
in character with a period of 10' and an amplitude of about l".l. 

During the year observations for right ascension and declination 
have been made on selected lists of standard stars, and also observa- 
tions of stars have been made by reflection for determining the flexure 
of the telescope, and with screens to determine the personal equations 
of the observers due to star magnitude. The horizontal flexure has 
also been determined by the use of the collimators. This flexure is 
small, probably not more than 0".l. The vertical or cosine flexure is 
of about the same magnitude. 

In addition to the three lists of stars observed with the 6-inch 
transit circle during the preceding year, there were three additional 
lists observed during the year ending June 30, 1910. The observa^ 
tions were made in both clamps, and one of the lists, comprising 13 
stars, was observed direct and reflected. In addition to the discussion 
of the observations already made, it is proposed to make a further 
series of test observations before beginning r^ular work. This series 
will comprise observations on 30 stars, well scattered in zenith dis- 
tance, using a reversing prism to eliminate the efl'ects of certain per- 
sonal errors, observing in both clamps, direct and reflected, and with 
the eye end and objective end interchanged. It is expected that the 
series can be secured and the results reduced by the early part of 1911. 
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The number of observations made during the year is as follows: 

Circumpolcir staTB 395 

Equatorial atare 1,464 ■ 

Inclination atare 57 

Direct and reflected stars 1D6 

Screen Btara 229 

Peraoaal equation stars 241 

Total 2,482 

ColUmation constant 206 

Level constant 229 

Azimuth constant 339 

Nadir constant 224 

Runa of microscopes 38 

Total 1,036 

The reductions of the observations are nearly up to date. 

A series of axial collimator measures was made in March, and the 
results, while differing somewhat from those obtained from the pre- 
vious measures, indicate that the irregularities of the pivota are very 
small. 

The circle flexures have been measured and the results are 0".0S 
sin (^ + 70°) for circle A and 0".05 sin (tf + 20°) for circle B, where 
d is the reading of the circle under the first microscope. 

The following new apparatus has been obtained during the year: 
Three new level tubes of approximately 1,800 feet radius, from 
A. Pessler, Freibei^; two new eyepieces of 0.35 inch {9 nun.) and 
0.55 inch (14 mm.) equivalent focal lengths, giving powers of 126 and 
202 diameters, respectively, from Steinheil, Munich; reversing prism 
eyepieces for the telescope and north collimator, from J. A. Brashear, 
Pittsburg; and a new observing chair, after the Repsold pattern, with 
certain improvements, made at the navy-yard, Washington. 

For the fiscal year 1911 it is designed to carry on and conclude the 
investigation of the instrument and if it is declared fit for fundamental 
work to proceed with that work. 

THE CLOCK VAULT. 

This vault was in charge of Prof. M. Updegraff, U, S, Navy, until 
June 16, 1910, when it was turned over to the charge of Prof, F. B. 
Littell, U. S. Navy. Mr. John C. Hammond, assistant astronomer, 
has been in immediate charge. 

The following clocks have been used as standards during the year: 
Riefler No. 151 until August 26; Eiefler No. 70 from August 26 to 
March 9; and Riefler No. 151 from March 9 to June 30, 

There had been considerable trouble with leakage of air into the 
glass cases of the clocks, due to deterioration of the cement in the 
joints. The joints have been recemented and are now air-tisht. 

When the regulating devices have worked normally, the monthly 
variations of temperature in the three clock cases have usually been 



UHITED STATES NAVAL 0B6EEVAT0BT. 7 

less than 0°,1 C. The regulating control failed four times during the 
year, in no case causing a variation of more than 0°.5 C. in the clock 
cases. An independent thermostat is so arranged as to give wanung 
vphen the temperature of the vault changes sufficiently to indicate a 
failure of the automatic control. 

Riefler No. 60 was cleaned in July, 1909. Riefler No. 70 stopped 
on March 9, 1910, on account of failure of the automatic winding 
apparatus. It was repaired and has since worked satisfactorily. 

THE DIVISION OP THE 9-INOH TEANSIT OEBCLE. 

This division has been in charge of Prof. F. B. Littell, U. S. Navy. 
This instrument has been used tlffoughout the year for the determina- 
tion of the right ascensions and declinations of the sun, moon, planets, 
clock stars, pole stars, and a few miscellaneous stars. Observations 
on stars have also been made with screens for determining m^nitude 
corrections in right ascension, with the reversing prism for determin- 
ing bisection corrections in zenith distance, and by reflection to deter- 
mine the sine flexure correction in zenith distance. The horizontal 
flexure was also determined by means of the collimators, and the pivot 
irregularities have been measured ^ain with the axial microscope. 
These irregularities are small. In November, 1909, the wyes were 
resurfaced by Mr. Fecker of the Warner & Swasey Company, and 
an improvement in the stability of the rotation axis resulted from this 
change. 

The instrument was used clamp east throughout the year and the 
number of observations secured is as follows: 

Clock stare 3,455 

Pole Htare 916 

Miscellaneous stors 64 

Screen stare 332 

Prism stare 165 

Reflected stare 51 

Sun 203 

Moon 168 

Mercury ' 89 

Venus 75 

Mars 20 

Jupiter. 15 

Saturn 16 

Uranus 17 

Neptune 15 

Total 5,600 

Collimation constant 794 

Level constant from nadir 1, 120 

Azimuth constant from two marks , 1,115 

Nadir 1,168 

Total 4.197 

The state of the reduction of these observations will be found under 
the head of the Division of Reduction of Observations in Arrears. 
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THE NEW CLOOS VAULT. 

This vault has been in charge of Prof. F. B. Littell; U. S. Navy. 
It has not been in use, and has been without artificial heat during the 
year. The recorded temperatures vary from 69°,4 F. in August to 
45" F. in February. The relative humidity has been high in warm 
weather. At certain seasons of the year, there is condensation on the 
ceilings of the corridors, and there has been some leakage of moisture 
through the walls, from the outside. With artificial heat these con- 
ditions could probably be successfully controlled by keeping the tem- 
perature at a moderately high point. 

THE DIVISION OF THE BQCATOBIAL8. 

This division has been in charge of Prof. Asaph Hall, U. S. Navy, 
there having been incorporated into this division in September, 1909, 
the photographic work theretofore conducted separately by Assistant 
George H, Peters. 
Observations were made during the year as follows: 

Satellitosof Mare 61 

VI aatellite of Jupiter 3 

Sat«llit«B of Saturn '. 63 

Satellites ot UranuB 19 

Satellite of Neptune 36 

Diameters ot pianeta 24 

Occultotions of Htara by Ite moon 39 

Seven asteroids 13 

Fivecometa 36 

InBlrumental conatanta •. . 12 

ArcB for micrometer screw 34 

Stars measured for Washington Zone Catalogue 87 

Stars identified for Washington Zone Catalogue 39 

Of the above observations, 5 of comets were secured with the 12-inch, 
as well as 12 observations of 6 asteroids, 23 occultations, 1 arc for the 
micrometer screw, and two determinations of the position of the instru- 
ment. Also, 50 stars were measured for the Washington Zone Cata- 
logue, and 20 stars were identified. 

A series of observations of Hidley's comet was obtained, extending 
over the period November 9, 1909-June 7, 1910. The remaining part 
of June, 1910, was cloudy, and in July, observations of the comet had 
to be given up on account of the accumulation of other work. For 
two weeks, at the time the comet was nearest the earth, it was neces- 
sary to ^ve up entirely both the 26-inch and 12-inch equatorials to the 
use of visitors. The pressure for admittance to the observatory 
became so great that three 5-inch equatorials were mounted at the 
Capitol and two assistants were sent there from the observatory to 
handle them. Also, two small equatorials were placed on the roof 
outside the 12-inch dome, and two assistants were detailed to them to 

AowTirito,^. „ Google 
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It should be noted that the Halley comet committee of the Astro- 
nomical and Astrophysical Society of America, through ita Secretary, 
Prof. George C. Comstock, by letter of November 1, 1908, requested 
this observatory to send a photographic expedition to the Hawaiian 
Islands to occupy that important station as long as photographs could 
be secured. This request was not approved by the Navy Depart- 
ment, as such an expedition was deemed to be outside the proper 
scope of the work of the observatory. 

Included in the occultations are those observed during the total 
eclipse of the moon on November 26, 1909, 8 on the 12-inch equa- 
torial and 10 on the 26-inch. 

Various observations made with the equatorials have been pub- 
lished in the Astronomical Journal, including observations of com- 
ets, asteroids, satellite VI of Jupiter, and occultations. 

The current equatorial reductions are practically completed to date. 
The discussion is nearly finished of the observations of Neptune's 
satellite made at the last two oppositions. The measures of Titania 
and Oberon, outer satellites of Uranus, secured at the last three oppo- 
sitions, will be discussed during the present calendar year. The 
observations of the satellites of Mars obtained during the fall of 1909 
have been compared with the data of the Connaissance des Temps. 
- Photographs of the sun were takon at apparent noon on one 
hundred and fifty-eight days. Solar spots were found on one hun- 
dred and forty-seven days. While showing decreased sun-spot activ- 
ity, compared with the conditions for several years past, the diminution 
does not correspond to the average condition at this period of the 
sun-spot cycle. 

Volume VI of the Observatory Publications, second series, is now 
going through the press. In it are included the equatorial observa- 
tions for the years 1893-1907. 

The optical work on the pair of 10-inch astronomical photographic 
lenses for the photographic telescope has been pushed as rapidly as 
possible by Mr. Geoi^e H. Peters, following the curves computed 
by Mr. E. D. Tillyer. It is expected to have the lenses in use by 
January 1, 1911. The lens mounts, camera backs, and wrought- 
iron telescope tubes for the new telescope have been designed by 
Mr. Peters, and constructed at the Washington Navy-Yard under 
his supervision. 

On account of the work of grinding the new lenses, it has been 
necessary to omit most of the observations with the photographic 
telescope, though a number of photographs of Halley's comet were 
secured. 

On Thursday evening of each week visitors have been shown 
through the 12-inch equatorial, usually by Mr. Peters. Also, a good 
many special evenings liave been given to schools and teachers. A 
total of 2,260 persons were admitted. 
61807—10 3 
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The Clark micrometer II in use with the 26-inch was sent to the 
Warner & Swasey Company for some improvements, and also the 
worm screw which drives the lai^ toothed wheel centered on the 
polar axis was sent to the same firm (the makers of the mounting) 
to be reground. As is stated in the forthcoming equatorial volume, 
there is a four-minute periodic error in the driving mechanism. The 
curve of this error was smoothed out to some extent by the regrinding, 
but the error still exists, with the same amplitude, approximately. 

At this same time new and finer gears were obtained for the slow 
motion in declination, in order to increase the accuracy of the deter- 
minations of parallel, and better illumination was provided for 
reading the dechnation circles. 

The following instrumental constants of the 26-inch equatorial 
determined during the period October 20, 1908-June 23, 1910, are 
exhibited herewith. They may be compared with those of page F 1 7, 
Appendix III, Volume IV of the PubUcations of the United States 
Naval Observatory, second series, the values there pubhshed forming 
the basis of the 26-inch equatorial reduction tables contained in the 
appendix. The notation is the same in the two sets of values. 
CoMtantt of the 26-inch equalorial. 
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Evidently the 26-inch mounting continues to be very steady and 
is a good piece of mechanical engineering. On August 21, 1909, 
one of the doors of the pier was left open and was hit by the elevating 
floor. This may explain the change in the value of f between July 2 
and September 2. 

THE DIVISION OF THE ALT-AZIMUTH. 

This division has been in charge of Prof. F. B. Littell, U. S. Navy. 

It haa not been in use during the year for star observations, but 
several sets of measures for determining the horizontal flexure by 
the method of opposed collimators have been made. From a dis- 
cussion of the results of 15 sets of measures the value +0".79 sin 
z. d. has been adopted as the correction to observed zenith distances. 
The probable error of the adopted value is ±0".063, indicating con- 
siderable accidental error in the separate determinations. 

The reduction of the 5,400 observations secured from 1903 to 
1907 is practically finished, but the results require further discussion. 
This is in course. The reduction of the 2,500 observations secured 
from 1898 to 1903 has been begun, and considerable progress has been 
made. 

In the spring of 1910, after a prolonged spell of very damp weather, 
it was found that there was a recurrence of the trouble of rust on the 
steel circle, notwithstanding the fact that it had been copper plated, 
silver plated, and then painted to protect it from corrosion. 

The circle haa been returned to the Warner & ^Swasey Company 
to be put in good condition and for experiments looking to the 
securing of better results in this respect. At the same time some 
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minor changes and repairs will be made, the principal item being a 
provision for obtaining field illumination from a mirror on the objec- 
tive instead of from a small metallic reflector in the center of the 
cube as at present. 

The matter of securing better microscopes with increased power 
for reading the circle has been Under consideration, but definite 
action has not yet been taken. 

It is expected to have this instrument remounted and ready for 
work by the end of this calendar year. The project of making the 
ends of the telescope interchangeable was given much consideration, 
but it has been abandoned for the present. 

THE DIVISION OF THE PRIME VERTICAL. 

This division has been in charge of Assistant Astronomer G. A. Hill. 

This instrument has been used steadily in making observations in 
the work of obtaining tlie aberration and the nutation constants and 
the variation of latitude. The plan of observing 16 stars divided into 
4 groups of 4 stars each has been continued. 

A new micrometer for the instrument was procured from the 
Warner & Swasey Company, of Cleveland, Ohio. To shorten the 
interval during which a star is passing across a group of threads, the 
spaces between successive threads have been reduced as small as 
possible and as now arranged they are only half as wide as they were 
in the old micrometer. Tliis reduces the time needed for noting 
transits by tlie same amount and renders less liable any change in 
the constants during the interval. The same plan of double sets 
of threads as obtained in the old micrometer has been adopted in the 
new one and permits of obtaining transits both direct and by reflec- 
tion over mercury. 

An order lias been placed witli A. Pessler & Son, of Freibei^, 
Saxony, for a level tube. 

There is now being constructed a west azimuth mark for the 
instrument: 

The observations up to January 1, 1907, are reduced and checked. 
Those of 1908 are reduced to apparent place. Those of 1909 are not 
yet copied on sheets. 

THE DIVISION OF REDUCTION OF OBSERVATIONS IN ARREARS. 

This division is in charge of Prof. W. S. Eichelbei^er, U. S. Navy, 
and comprises tlie duties mentioned in last year's report as being 
then in charge of Professor Eichelberger and of Miss Lamson. Its 
duty at present consists in the reduction of back work, proof reading, 
and a part of the routine reduction of current observations. 
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The work on the Washington Zone Catalogue, 1846-1852, has been 
completed with the exception of the identification of a certain few 
stars upon which both the 26-inch and 12-inch equatorials are 
engaged. The results of these searches will be entered on the proof 
sheets. The work will appear in a short time as Voliune VII, PubU- 
cations of the United States Naval Observatory, second series. It 
was sent to the printer in May, 1910, and 281 pages are now in type. 
This volume contains the positions of 23,626 stars between 13° 35' 
and 45° 25' south declination, based on 44,500 observations made at 
the Naval Observatory, 1846-1852. 

Volume VI, Publications of the United States Naval Observatory, 
second series, was sent to the printer in February, 1910, and is in 
type. It contains the equatorial observations from 1893-1907, both 
inclusive, and has three appendices: 

Appendix I. — Miscellaneous astronomical papers by members of 
the Naval Observatory staff, including three papers on satellite orbits, 
one on the solar parallax from observations of Eros, 18 asteroid orbits, 
and 12 comet orbits. 

Appendix II. — Miscellaneous reports on the transit of Mercury, 
November 10, 1894. 

Appendix III. — List of publications issued by the United States 
Naval Observatory, 1845-1908. 

The reduction of the observations made with the 9-inch transit 
circle, 1903-1910, is well advanced, and it is expected that this 
work will be ready for the printer in the autumn of 1911. It includes 
at least 4 observations of each of the stars in Gill's Catalogue of 
2,798 Zodiacal Stars, 4 of each of the stara in Hedrick's Zodiacal 
Catalogue, and 10 of each of the stars in Newcomb's Su^ested List 
of Fundamental Stars. From 30 to 100 or more observations have 
been secured of each of the clock and azimuth stars. Except for 
the application of the clock correction after May 1, 1909, the reduc- 
tion of these observations is completed to May 6, 1910. 

The reduction of the sun, moon, and planet observations, about 
3,000, for this same period, is in practically the same state. 

During the year 27,400 star observations have been copied on cards, 
including all the observations made up to April, 1907. These obser- 
vations have been grouped by clamps and observers and the differ- 
ences determined for pairs of observers, taking the north and south 
stars separately. 

In May the reduction of 2,500 observations made on the alt-azimuth 
instrument from 1898—1903 was commenced and good progress has 
been made. These, together with the 5,400 observations, 1903-1907, 
which have already been reduced, will be ready for the printer in the 
course of a year. 
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Depabtubnt of the Nautical AlhanaC. 

The Almanac has coDtinued in charge of Prof. M, Updegraff, U. S. 
Navy. 

The expenditure of the piecework fund of $7,000 for pay of com- 
puters on piecework for the fiscal year ending June 30, 1910, is as 
follows : 
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The American Ephemeris and Nautical Almanac for the year 1912, 
enlarged and improved as described in the last two annual reports, 
was printed and distributed in December, 1909. In this volume the 
length and breadth of the book are somewhat reduced without reduc- 
ing the size of the type or the amount of matter on each page, and the 
quality of the paper used is better. It contains 737 pages as against 
603 pages in the volume for the year 1911, the latter including 74J 
pages of lunar distance tables which, as stated in the last annual 
report, are omitted from the volume for 1912. Of the 209 new pages, 
40 are due to the placing of 4 instead of 5 ephemerides of ten-day 
stars On a page, in order to make possible the use of larger type, leav- 
ing 169 pages of new matter. 

The large number of changes introduced into a single volume of the 
Ephemeris naturally gave rise to unusual liability to error, and an 
attempt has been made to meet this contingency by taking unusual 
care and the adoption of additional safeguards. Thus far nine errors 
have been discovered and reported. 

The preparation of the American Ephemeris and Nautical Almanac 
for the year 1913 is well advanced, and 525 pages are in type. In 
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addition to the contents of the volume for 1912 this volume will con- 
tain ephemerides for physical observations of the sun, moon, and 
planets. The arrangement will be similar to the volume for 1912. 
It is expected to print the 1913 volume in one edition, and for 1912 
and thereafter not to print the appendix "Star list of the American 
Ephemeria" nor the appendix "Stars for navigators and polaris 
tables," nor other appendix to the Ephemeris. The "Star Ibt of 
the American Ephemeris" will be printed for 1911, but not the 
"Stars for navigators and polaris tables." 

The work entitled "Researches on the Motion of the Moon," men- 
tioned in the last annual report as having been done in cooperation 
with the late Prof. Simon Newcomb, U. S. Navy, is in type and will 
be published as part 1 of Volume IX of the Astronomical Papers of the 
American Ephemeris. 

The following publications have been received during the year from 
the Government Printing Office: 

3CK) Americaji Epbemeria and Nautical Almanac, 1910, second editioa. 

1,000 American Epbemeria and Nautical Almanac, 1912. 

720 American Nautical Almanac, 1910, second edition. 

507 American Nautical Almanac, 19]2. 

1,257 Stars for Navigators, 1910. 

699 Star List of the American Ephemeris, 1910. 

The distribution of the publications of this office during the year 
is as follows: 
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These issues comprise volumes of dates from 1890-1912, both inclu- 
sive. It will be noted that the Superintendent of Documents, Gov- 
ernment Printing Office, received certain volumes for sale. Hereafter 
books for sale will not be supplied from this observatory. 

Department of Nautical Instruments and General Store- 
keeper. 

The Department of Nautical Instruments and that of the General 
Storekeeper were both in charge of Commander E. E. Hayden, U. S. 
Navy, during the entire year. 

The work of these departments is increasing in about the same 
ratio as are the ships which are to be supplied with instruments 
purchased through this observatory . 
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Depahtment of Chhonometehs AND Time Sbbvioe. 

This department has remained in charge of Commander E. E. 
Hayden, U. S. Navy. 

The usual chronometer trial was carried on between January 6 and 
June 6. The accompanying tabular statements, Tables I and II, 
give the data. 

The usual work of the department in the rating and issue of chro- 
nometers and the sending out of the daily telegraphic noon signals 
proceeded as heretofore. The mean daily error of the noon signal 
for the year was COS, and the maximum was 0*.26. 

Department of Navy Compasses. 

Xjieut. Commander J. S. Doddridge, U. S. Navy, continued as 
superintendent of compasses until December 17, 1909, when he was 
relieved by Lieut. Commander D. W. Blamer, U, S. Navy, who 
continued in charge through the fiscal year. 

The stock of compass material has been maintained at the navy- 
yards, new ships have been outfitted, and the outfits of old ships 
kept in repair. 

LiBRABT. 

The library is in charge of Mr, W. D. Horigan, librarian. The 
publications comprising the library of the Nautical Almanac and 
occupying space in the rooms allotted to that department were, 
during the month of October, taken into the rooms belonging to the 
library of the Naval Observatory and incorporated with that collec- 
tion. This transfer consists of 3,998 volumes, of which 3,392 were 
bound, 563 pamphlets, 2,003 numbers or parts of volumes, five sets 
of celestial charts, and 25 miscellaneous maps and engravings. Of 
the bound volumes, 642 were publications of the Nautical Almanac, 
including six sets of the American Ephemeris and six sets of the 
Astronomical Papers. All of the books included in the transfer 
have been catalogued and placed upon the shelves. 

The growth of the Ubrary has been as follows: 
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There were distributed 1,230 copies of the various publications of 
the observatory. 
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In March, about 2,300 feet of wooden shelving were constructed 
in the basement, under the rotunda of the library, to be used for 
stor^e of pubUcations of the institution kept for future distribution, 
and for shelving books needed for the use of the observatory, but for 
which space was not available in the rotunda and the stack room. 
The publications of the observatory have been arranged on these 
shelves, and the work preliminary to the change of location of the 
other books is in hand. 

The withdrawal of matter of no direct value to the institution and 
of matter the prospective use of which is highly improbable has 
not yet been undertaken for lack of time. Endeavor will be made 
to accomplish this in the next fiscal year. 
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